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GENERAL INTRQDUCTION 
1 
Insect pest and vector r e s i s t ance to insec t i c ides has 
been the subject of serious concern in recent years , mainly 
because of the potent ia l t h rea t t o environmental threshold and 
bioefficacy of pes t ic ides due t o r e s i s t ance . Insec t i c ida l 
res i s tance is defined as an a b i l i t y to withstand doses of 
insec t i c ides which would otherwise prove l e t h a l for the normal 
population of the same spec ies . Resistance is acknowledged 
as a dynamic and multidimentional phenomenon and i s governed 
largely by the biochemical, physiological , genet ic and ecological 
f ac to r s . 
Pes t ic ides have gained prominence in recent yea rs . 
Despite best e f f o r t s , a subs tan t ia l amount of crop and i t s 
produce approximating t o 505*6 i s los t due to pests in the 
developing t r op i ca l countr ies including India (McEwen, 1978; 
Pimentel, 1978). Millions of human l ives are l o s t due to 
vector-borne diseases l i k e malar ia , f i l a r i a s i s , typhus, e t c . 
Ravages of these pests and vectors have resul ted in the 
indiscr iminate use of pes t i c ides . According to an est imate, 
the consumption of pes t ic ides in India which was 2350 tonnes 
in 1955-56 rose t o 62,000 tonnes in 1983-84 (Banerj i , 1978). 
The pic ture of in sec t i c ide consumption and demand in other 
developing countr ies also represent a s imi la r pa t t e rn . 
The use of chemicals as pes t ic ides had rapidly grown in 
the l a s t five decades. The his tory of pesticides^ is beyond the 
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comprehension of present literature. Evidences available so 
far, suggest that insects have potential to develop resistance 
against almost every class of insecticide such as organochiorine, 
organophosphate, carbamate, pyrethroid microbial etc. It is 
apparent that the evolutionary history of resistance is closely 
related to the history of pesticides both quantitatively and 
qualitatively, 
INSTANCES OF RESISTANCE 
The first case of resistance was reported in 1908 by 
Meiander against lime sulfur in San Jose scale. During the 
next 38 years, only 11 additional cases were reported (Brown, 
1971), Advent of DDT had lead to the assumption that it would 
eradicate the insect nuisance from the earth. Soon after the 
introduction of synthetic insecticides, there was a sudden 
outburst of resistance. Prior to 1946, a new resistant species 
emerged in 2 - 5 years time. Between 1946 and 1954, this rate 
was increased to 1-2 species per year which further escalated 
to i-7 species per year between 1954-1960, This remained more 
or less same till 1980. At present about 428 resistant species 
are reported (Georghiou, 1981), Of the resistant species 
reported upto 1980, more were against cyclodienes and lindane 
than against any other group. This is followed by DDT, 
organophosphates, carbamates and pyrethroids (Georghiou, 1981). 
Upto 1967, the resistant species which were recorded belonged 
to 14 orders of arthropoda with 9i% from only 6 orders namely 
Dipt era, Lepidoptera, Coleoptera, Acarina, Homoptera and 
Heteroptera. This pattern remained fairly constant through 
1980 (Forgash,1984). During 1960, it was found that 57;^  of 
resistant insects reported were of medical importance. Seven 
years later agricultural pests accounted for 53^ ^ of the total 
resistant insects, which has oeen further raised to 61^ 
(Forgash, 1984). 
FACTORS GOVERNING RhSlSTANCE: 
Various factors have been reported to govern resistance. 
They include genetic, biological and operational (Georghiou 
and Taylor, 1977), Genetic factors are frequency and dominance 
of resistant alleles. The important biological factors include: 
generation time and number of offspring per generation, and 
isolation, mobility and migration of population. The operational 
factors include: the type of insecticides, frequency of appli-
cation, degree of crop coverage and persistency of chemical. 
Genetic and biological factors proceed independently dnd are 
out of our control. On the other hand, the operational factors 
are under our direct control which constitute the selection 
pressure and which in turn influence the rate at v\hich the 
resistance evolves. 
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ADVERSE IMPACT OF RESISTANCE; 
Resistance has been viewed with serious concern in the 
recent years because of various problems as described below. 
I. Environmental contamination; Resistance compels deployment 
of increased doses and frequency of pesticides in order to 
achieve effectiveness within the threshold limit. The hazards 
anticipated are further compounded which have direct relevance 
to the degree of resistance. 
II. Expensive design of new pesticides; With the increasing 
trend in resistance, development of new pesticides with 
different modes of action becomes necessary as counter agent 
to resistant species. However, the decline in the introduction 
of new control agents in recent years suggests that the progress 
of resistance may out-pace the discovery of new pesticides. 
The slow rate of the introduction of new pesticides has also 
been due to more and more strict regulatory conditions. The 
case of Colorado potato beetle in U.S.A. may illustrate the 
present concern. This serious pest has wethered the onslaught 
of arsenicals, botanicals, organochlorines, organophosphates, 
carbamates and had even acquire resistance to new pyrethroids 
prior to their introduction (Forgash, 1981), 
III. Cross resistance: The development of resistance against 
a single insecticide may involve selection of mechanism 
conferring cross-resistance not only to related insecticides, 
but also resistance to pesticides of very different nature. 
The persistence of resistance genes often obviates the 
practicality of reuse of insecticides after populations have 
apparently lost their resistance. Repetition of successive 
chemicals can lead eventually to loss of chemical control of 
the pests. An appropriate example is the cotton leafworm 
(Spodoptera littoralis) in Egypt which has become resistant 
to virtually every insecticide, 
IV, Pest resurgence and pest evolution; Some minor pests 
have attained the status of major pests due to the effects of 
increased dosages of pesticides. Although resurgence of pest 
populations due to ecological disruption of pest-beneficial 
species density relationships may occur while a pest is still 
in the susceptible stage, in other cases it has been brought 
on through the use of increased dosages and number of 
applications. 
V, Increased cost of production; Pesticides have become the 
essential input in the modern agricultural practices. Increased 
doses and number of applicationsin response of resistance lead 
to increased cost of production, 
VI, Increased social costs; Failure of vector control due to 
resistance causes recurrence of diseases and ensueing effects 
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on t h e human h e a l t h and w e l f a r e . The t y p i c a l case of mala r ia 
r ecur rance in some p a r t s of t h e globe i s t he example for such 
concern, 
V I I . Socio-economic d i s r u p t i o n ; Inc reased t r ea tmen t c o s t s and 
severe l o s s e s due t o r e s i s t a n c e has r e s u l t e d in reduced acreage 
and even abondoning t h e crop a l t o g e t h e r in c e r t a i n i n s t a n c e s . 
/vlECHANlSfC OF RESISTANCE; 
Since r e s i s t a n c e r e f l e c t s m u l t i f a c e t e d phenomenon, mecha-
nisms of r e s i s t a n c e i s beyond t h e comprehension of t h i s rev iew. 
However, s e v e r a l concepts have been proposed to exp la in t h e 
mechanism of r e s i s t a n c e . Important among t h e s e i n c l u d e ; 
i ) Biochemical , i i ) Morphological , i i i ) i^hysioio^ical , 
i v ) Behavioural and v) G e n e t i c a l . 
i ) Biochemical r e s i s t a n c e ; I t i s a s s o c i a t e d with t h e i n s e n s i t i v i t y 
of t a r g e t enzymes and t h e enhanced d e t o x i f i c a t i o n sys tems . 
I n s e n s i t i v i t y of t a r g e t enzymes; The r e c e p t o r enzymes fo r 
r e s i s t a n c e of many p e s t i c i d e s have not yet been f u l l y i d e n t i f i e d . 
There a r e evidences t h a t t h e r e s i s t a n t i n s e c t s t o l e r a t e a l a r g e 
amount of i n t e r n a l i n s e c t i c i d e s t h a t would oe more than enough 
t o k i l l s u s c e p t i b l e i n s e c t s (Babers and P r a t t , 1953; Brooks, 
i 96J ; Perry and Hoakins, 1951; s t e i n b u r g e_t ai_., 195^^; Tahori 
and Hoskins, 1953; Narahashi, 1964, 1971). These observations 
suggest that in certain resistant insects the target enzymes 
are less sensitive to insecticide. Insensitivity of acetyl-
cholinesterase (AChE) in the cases of resistance to organophos-
phates and carbamates has been fully established as an important 
factor of resistance. The mode of action of organochlorine 
pesticides unlike organophosphates, is yet to be conclusively 
established. However, a few reports are available where 
insensitivity of ATPases in resistance to chlorinated pesticides 
have oeen observed (Matsumura and Ghiasuddin,i979-; Patil et_ al_. , 
1980). 
Accelerated detoxification systems; Detoxification enzyme sys-
tems in insects and others have recently been the subject of 
many reviews (Geolhiou and Saito, 1983; Wilkinson, 1983; Hodgson, 
1983). Detoxification enzyme systems generally increase the 
water solubility of pesticides to facilitate the elimination 
from the body. The processes by which the xenobiotics are 
eliminated undergo a series of Phase I and Phase II reactions. 
Oxidations, reductions and hydrolyses are typical of i^ hase I 
reactions, which introduces hydrophilic functional group into 
the xenobiotic molecule. The products of Phase I may be 
excreted to some extent, they usually undergo one of the 
conjugation reactions typical of Phase II. 
Phase I Reactions: Mixed-function oxidoses are irnf-ortant class 
of enzymes in which one atom of oxygen molecule is reduced to 
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water while another i s used to oxidise the subs t ra te (xenobio t ic ) . 
The most important oxidase is cytochrome P 450 where electrons 
involved are derived from NADPH via a f lavoprotein reductase. 
Cytochrome t^  450 and the mixed function oxidase systems 
are r e l a t i v e l y less studied in insects but are known to exis t 
in over 20 species (Dauterman and Hodgson, 1973). phase I 
reactions include aromatic hydroxylation, a l ipha t i c hydroxylation, 
dealkyla t ion, o-dealkyiat ion, s -dealkyla t ion, N-deaikyiat ion, 
N-oxidation, formation of N-oxides, hydroxylamine, oximes, 
S-oxidation, P-oxidation, replacement of S by o e t c . (Williams 
and Millburn, 1975). Among reduction reac t ions , n i t ro reduction, 
and azo reductions are well known »to exist in insects (Dauterman 
and Hodgson, 1978), Hydrolases and hydrases a lso play roles in 
hydrolysis and hydration respect ively in t h i s phase. 
Phase I I Reactions; These react ions involve conjugation of 
xenobiotics and t h e i r metabolites with endogenous compounds. 
Three types of common conjugation reac t ions , namely, gluta thione 
conjugation, glucoside formation, and amino acid conjugation. 
Enzymes which catalyse glutathione conjugation are referred 
as glutathione S- t ransferases . The function of the l a t t e r is 
to conjugate harmful e lec t rophi les with reduced gluta thione and 
thus protect other nucleophil ic t a rge t s such as proteins and 
nucleic ac ids , as well as a means of excret ion of the conjugates. 
The primary mechanism of glucosylat ion in insects involve UDPG 
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as the glucosyl donor, a UDP giucosyltransferase, and various 
hydroxy or mercapto acceptor groups. Conjugation of aromatic 
acids is a weil known mechanism for detoxification. Glycine 
conjugation is commonly reported in many insects (Dauterman 
and Hodgson, 1978). Thus it becomes apparent that there are 
many possible pathways for the metabolism of insecticides. 
Resistance in many insects is due at least in part to 
increased levels of phase I reactions (Wilkinson, 1933; 
Hodgson and Kulkarni, 1983J. Recent comparative studies have 
also indicated the existence of qualitatively different 
cytochrome P 450s in resistant insects (Dauterman and Hodgson, 
1978), though its significance is yet to be explored properly. 
Glutathione transferases have been also known to be generally 
involved in resistance and their role has been reviewed 
(Dauterman, 1983), 
ii) Morphological resistance; It is defined as the ability of 
the resistant insects by which the insecticide penetration is 
reduced, A few cases have been reported where such a kind of 
resistance has been observed (Piapp and Hoyer, 1968; Georghiou, 
1971; Benezet and Forgash, 1972), Though the actual mechanism 
of morphological resistance is yet to be found out,increased 
protein, lipid and sclerotisation in the resistant cuticle have 
been reported (Vinson and Law, 1971). Decreased penetration of 
insecticides into resistant species provides more time for 
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detoxification of penetrated insecticides (Brooks, 1976; 
Plapp, 1976). 
iii) Physiological resistance; It includes sequestration and 
excretion. However, diminished penetration of insecticides 
has also been considered as a part of the physiological 
resistance by some workers (Brattsten et^  ai_.. 1986J. 
Sequestration of insecticides as the resistance mechanism is 
also important. The esterase responsible for resistance in 
green peach aphid has high binding affinity but low catalytic 
reactivity and therefore functions as a storage protein for 
insecticides (Devonshire and Sawicki, 1979; Devonshire and 
Moores, 1932). Accelerated excretion of'insecticides as 
known 
resistant mechanism is poorly/(Self et_ al_,, 1964). 
iv) Behavioural resistance; This kind of resistance is defined 
as the sensory ability of the insect population to detect the 
presence of insecticides to avoid exposure to insecticides. 
Behavioural resistance against some organochlorine and organo-
phosphate pesticides have been documented in few instances 
(Kilpatrick and Schoo|^ , 1958; Ceroid and Laarman, 1964; Brown, 
1971, Hooper and Brown, 1965; Pinniger, 1974). 
v) Genetic resistance; Genetics offer another valuable tool 
in the study of resistance. Since it is beyond the scope of 
the present investigation, it is not pertinent to review 
genetic factors of resistance here. However, a good number 
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of excellent reviews are available for reference (Dickson, 1941; 
Harrison, 1951; Georghiou, 1971; Plapp and Wang, 1933; Tsukamoto, 
1983). 
SCOPE OF INVESTIG/^TIQN; 
The problem of resistance had drawn a great deal of atten-
tion in other countries, somehow, it has received little attention 
in the underdeveloped and developing countries including India. 
As a result, information on resistance in insects of economic 
importance in India remained scanty. As described in the previous 
sections, the gradual increase in pesticide consumption is 
directly related with the gradual build-up of resistance. 
Although the data on instances of resistance are meagre in 
India, resistance threat anticipated in view of the ever-
increasing demand of pesticides needs a serious attention. 
In this context, the studies on resistance have special signi-
ficance. Combat measures against resistance can be effectively 
devised only if the mechanism of resistance is known. Against 
this background, attempts have been made in the present inves-
tigation to study some of the facets of resistance to endosulfan 
and malathion. Selection of endosulfan as the choice of 
insecticide has been based on the following facts: 
a. Data on resistance to endosulfan remained scanty, though 
it was introduced long ago for the control of agricultural 
and medical importance. 
n 
b. Increased future demand in India. 
c. Recent interest in this insecticide because of the environ-
mental concern shown towards most of the conventional 
organochlorines. Malathion, a well-known organophosphate 
had been used because of its dimetrically opposite mode 
of action. Though the information on resistance to 
malathion existed in the literature but limited to a 
large extent to the target enzymes and the detoxification 
mechanisms. Another aim of selection of these pesticides 
was, therefore, to generate comparative informations 
hopefully reflecting the impact of resistance to two 
major classes of pesticides being in use in India and other 
parts of the globe. Although a large number of insect 
species have been recorded to have developed resistance, 
only a few have received attention in laboratory studies 
on resistance, Musca and Drosophi^la species are ideal 
test insects for the resistance studies because of the 
obvious advantages they offer. Resistance studies in 
laboratory are important to understand the mechanisms of 
toxic action of pesticides which formed the basis for 
devising the combat measures in the field, since a large 
number of uncontrollable factors are operative in the 
field which make the field study very difficult. These 
factors are largely overcome in the laboratory studies 
which would highlight the significance of undertaking 
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these studies. The study may also reflect a parallel situation 
in the field. The data obtained in the present investigation 
are presented and discussed. 
CHAPTER I 
DHV£iX)PMiiNTAL COURSE OF RtSlSTANCt TO ENDOSULFAN AND WiALATHION 
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S e l e c t i o n of s u s c e p t i b l e f l i e s a g a i n s t endosuifan and 
mala th ion has been d e s c r i b e d . Housef ly , Musca domestica L, 
(Dip te ra ) i s an important y e c t o r of many d i s e a s e s . Since 
Dipteran i n s e c t s a l s o c o n s t i t u t e p e s t s of a g r i c u l t u r a l 
impor tance , they might hopefu l ly se rve as a model t e s t i n s e c t s . 
Eggs of M. domestica a r e normally l a i d i n t o humus m a t e r i a l s 
found in the f ly h a b i t a t and t h e l a r v a e grow in t h e same medium. 
Mature l a r v a e p re fe r a dry s u b s t r a t e fo r pupa t ion . These ba s i c 
c h a r a c t e r i s t i c s had been e x p l o i t e d in the method of i t s 
c u l t u r e and maintenance in t h e l a b o r a t o r y . I t s easy 
maintenance and r e l a t i v e l y s h o r t e r developmental per iod a r e 
the advantages in prolonged i n v e s t i g a t i o n s . 
iVlATERIALS 8. METHODS 
1. Qul tu re of housef ly ; S u s c e p t i b l e a d u l t s were kept in a g l a s s 
cage ( s i z e - i x i x i f t ) with one s i d e made up of f i n e mesh t o 
provide proper a i r c i r c u l a t i o n . Adult d i e t c o n s i s t e d of mi lk-
sugar s o l u t i o n (ID g milk powder + 10 g sugar in 100 ml w a t e r ) , 
which was soaked with co t ton t o f a c i l i t a t e t h e f e e d i n g . Adul ts 
were maintained under t h e l a b o r a t o r y c o n d i t i o n s . V.'hen t h e 
adu l t c u l t u r e was 4-5 days o ld , an egg- lay ing medium was placed 
in t h e cage . The medium comprised of 40 g powdered l a b o r a t o r y 
animal feed and 60 ml water in a 500 ml beaker . Eggs-conta in ing 
beakers were kept in a 3 .0 .D. s e t a t 27 + 1.5 C. Egj-hatching 
and t h e l a r v a l development upto pupal s t age took p lace in t h e 
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same beakers. iOO numbers of pupae randomly segregated were 
placed in a fresh cage for emergance of adults and subsequent 
propagation, 
2. Selection of flies against insecticides: Susceptible house-
flies were selected against endosulfan and malathion. Egg 
laying medium contained the insecticide for selection. Desired 
quantity of insecticide in one ml acetone was added first in 
water and then the powdered feed added gradually by mixing 
thoroughly with the help of a glass rod. Insecticide concen-
tration used was sublethal. Initial selection pressure had 
been 0.1 ppm which continued upto 10 generations. Subsequent 
pressures were raised to i ppm (Fj_i'"^ 20^ * ^^ ^^'^ ^^2l~^3u^ '^ "^  
100 ppm (F3^-F^^). 
3. Calculation of resistance ratio: Adult flies (3-4 days old) 
were maintained on a diet of 20^ sucrose solution 24 hr. before 
the treatment. Flies inactivated by cold were topically treated 
with the help of a sophisticated microapplicator (Burkard-
England- U .K,). Appropriate doses of insecticides were selected 
in order to get mortality range between 20,^ ^ to 90-95:>o for 
calculation of LD,^ -. values. Three replicates each of IJ flies 
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were taken for every dose. The l a t t e r in 1 )ji of acetone was 
applied on the thorax region and the f l i e s thus t rea ted were 
kept in a 3.O.D. (temp. = 27 + i°C, R.H. = 65-70,^) to count 
mortali ty a f t e r 24 hr , LD^Q values were calculated by probit 
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a n a l y s i s method. LD^-Qvalues of f l i e s s e l e c t e d a g a i n s t 
endosulfan (HRS) and mala th ion (/vlRS) had been s i m i l a r l y 
determined a t va r ious g e n e r a t i o n s . Div i s ion of LD,-Q value of 
endosulfan in ERS by t h e LDC.Q va lue of endosu l f an" suscep t i b l e 
f l i e s (3S) gave t h e f i g u r e of r e s i s t a n c e r a t i o (devgree of 
r e s i s t a n c e ) . Like endosul fan , r e s i s t a n c e r a t i o of ;.HS 
a g a i n s t mala th ion was a l s o de termined. 
RESULTS 
The LD ,^-, values of endosulfan in female and male adu l t 
f l i e s of SS were 0.205 pg/female and 0.189 pg/male r e s p e c t i v e l y . 
The LD /^-, va lues in ERS females t i l l F^ remained more or l e s s 
same as t h a t in SS. Inc rease in LD .^^  va lue of t h e female was 
50 
apparently initiated at F_ where the resistance ratio was 1.38 
(Fig. i). The LDrQ i^i male ERS, on the other hand did not alter 
till FiQ (Fig. 1). The resistance ratios gradually progressed 
to 19 and 13.9 at F^ c- in female and male ERS respectively. 
In SS, LD^Q values of malathion wore 0.115 ;jg and 
0.10 pq per fly in female and male respectively. Resistance 
ratios were apparently initiated at Fj- and F in female and 
male (Fig. 2). The resistance ratios gradually progressed to 
24 and 16.2 at F^^ in female and male respectively. 
65 
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DISCUSSION 
The selection of insecticldal pressure in laboratory 
studies on resistance is important and varies from one situa-
tion to another. In most of the studies, LD^Q as selection 
pressure had been used and the informations thus obtained would 
perhaps be more useful for the developed countries where pest/ 
vector managements are adequately operated. This can be 
substantiated by the data on pesticide consumption in developed 
countries in relation to the underdeveloped and developing 
countries like India (Bindra, 1971). In the present 
investigation sublethal selection pressure had been used 
specially in view of the field conditions of the latter. The 
LDcQ values of endosulfan and malathion as ovicide in SS were 
approximately 100 and 80 ppm. The concentrations of 0.1 to 
100 ppm during developmental course of resistance were obviously 
sublethal. Degree of resistance(resistance ratio) was 
determined at the adult stage mainly because the same stage 
was largely used in the biochemistry of resistance. 
Although the selection pressures of endosulfan and 
malathion remained equal, degree of resistance in female against 
the latter progressed more, thus indicating a progressive 
relationship with the toxicity. Interestingly, the males 
did not show much difference in their degrees of resistance 
to both the insecticides and the reason was not very clear. 
However, the males were relatively less resistant as compared 
with female (Flo. 1 and 2). 
•FEMALE 
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GENERATIONS 
Fig.l-DEVELOPMENTAL COURSE OF RESISTANCE TO ENDOSULFAN 
RESISTANCE RATIO 
CHAPTER I I 
INFUUENCE OF END03ULFAN RHSISTAICE ON TARGET ENZYMES (ATPases) 
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In order to understand the biochemical resistance, one 
necessarily needs to know the mode of insecticide action. 
Several hypotheses have been propounded to explain the toxicity 
of chlorinated pesticides (O'Brien and Matsumura, 1964; O'Brien, 
1967; Hilton et al., 1973; Koch, 1969; Jackson, 1978, Gammon, 
1978), However, the subject has remained alive. Koch (1969) 
in his novel study proposed ATPases a^s sensitive to inhibition 
by organochlorines. Subsequently, his group and others confirmed 
this observation. By using a continuous assay procedure he 
2 + 
observed that the oligomycin sensitive component of /.ig -ATPase 
2 + i.e. Mg (OS)-ATPase was highly sensitive than oligomycin 
2+ + + 
insensitive component i.e. Mg (OIS)-ATPase and Ha -K -ATPase 
(Patil and Koch, 1979; Patil et al_., 1979, 1980). Matsumura 
2 + 
and Ghiasuddin (1979) found Ca -ATPase to be sensitive to 
organochlorines. ATPases play vital roles in bioenergetics 
(Pullman et_ al_., 1960; Loft et^  al_. , 1968; Beechey and Kattell, 
1973; Sewar, 1973; Soper and Pedersan, 1976; Sebald, 1977; 
Dean and Torford, 1977, 1978; Anner, 1985). Impairements in 
their activities, therefore, block energy supply. 
Against this background, activity and sensitivity 
profiles of ATPases in resistant flies had been investigated 
in the present study at various levels of generations under 
selection. 
2d 
MATERIALS A m METHODS 
Larvae (5 day-old), pupae (3 day old) and adults (3 day 
old) were utilised for the assay of ATPase activities. ATP, 
oligomycin, BSA and other biochemicals were the products of 
Sigma Chemical Co., St. Louis, USA. All the che/nicals of 
analytical grade were either of SISCO or MERCK products. 
Endosulfan (100^ purity) was a gift from EPA, U.S.A. The 
pesticide was dissolved in dimethyl sulfoxide and 1 JJI of the 
properly diluted solutions were added in the reaction mixture 
to yield the desired concentrations. The solvent alone at the 
concentration tested (1 ^ il) had no effect on the enzyme 
activity. 
1) Preparation of homoqenate; The houseflies were homogenised 
{® 20 nos./i ml) in 0.25 M sucrose containing 10 mM imidazol 
(pH 7.5) using Elvehjam Potter homogeniser with teflon pestle. 
The cuticular particles were removed by filtering through 
single layered tissue paper. 
2) Preparation of mitochondrial fraction; The homogenate as 
prepared above was fractioned for mitochondrial preparation by 
the method of Hogeboom (1955). The pellets were washed once 
with the same media and suspended in 0.25 M sucrose (pH 7.5), 
aliquots were used for enzyme assay. 
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Assays of ATPase activities; ATPase activities were assayed 
following the methods of Post et_ ail_. (1963), Auditor and Murray 
(1962) as described below. ATPases were determined oy estimating 
Pi released, in the following way. Standard basal reaction 
medium (1 ml) contained 30 mM imidazole buffer (pH 7.4). For 
2 
2 + 
Ca -ATPase, 1 miVi CaClo "^"^  '^'^ ^^ ouabain were added to this 
2 + 
medium. For lAq -ATPase ( t o t a l ) , 5 mM i\/lgCl2 '^ '"'d ^'^ '^ ''*' ouabain 
were added t o t h e basa l medium. This a c t i v i t y was f u r t h e r 
d e l i n e a t e d i n t o o l i g o m y c i n - s e n s i t i v e and i n s e n s i t i v e components 
by t h e a d d i t i o n of 2 ng/ml of ol igomycin. iOU mM of NaCl and 
2 + 20 miA KCi were added t o the t o t a l iMg -ATPase media t h a t 'A-as 
devoid of ouabain and ol igomycin. HCO3 - s t i m u l a t e d ATPase was 
assayed by t h e a d d i t i o n of 20 mM NaHC03 "to t o t a l Mg -ATPase 
media con ta in ing ouabain wi thout o l igomycin . Endosuifan in 
DMSO (1 }J1) was added by a Hamilton microsyr inge t o a v igorous ly 
shaking r e a c t i o n mix tu r e . 1 p i D/v\SO was added in t h e con t ro l 
samples and was found t o have no e f f e c t . The r e a c t i o n was 
c a r r i e d out a t 37 C for 30 min and t e rmina ted oy the a d d i t i o n 
of 1 ml (10,^) of t r i c h l o r o a c e t i c a c i d . Pi reio.isGci in a p r o t e i n 
f ree f i l t r a t e was determined by t h e method of Tausky and Shorr 
(1953) . The a c t i v i t i e s were a p p r o p r i a t e l y c o r r e c t e d and 
expressed as pmoies of Pi r e l e a s e d per mg p r o t e i n per hour . 
The a c t i v i t i e s in t h e presence of p e s t i c i d e s were compared with 
r e s p e c t i v e c o n t r o l and expressed as percentage i n h i b i t i o n s . 
The p r o t e i n was determined by t h e method of Lowry et^ ai_. (1951) . 
Bovine serum albumin was used as a r e f e r ence s tandard for 
comparison-
It 
RESULTS 
Sensitivity profiles of ATPases in homogenates of larvae, 
pupae and adults were studied. ATPase activities and their 
sensitivity to endosulfan (5U )xlA) at different levels of 
generations under selection were also investigated to know 
about the influence of resistance on the target enzymes (ATPases) 
of endosulfan. Data obtained in this context have been described 
and discussed below. 
1. ATPase sensitivity at different biological stages: ATPase 
activities and sensitivity to endosulfan in larval homogenate 
2 + have been given in Table 1. Specific activity of i.lg (OSj-
2 + 
ATPase was relatively more followed by Mg (0IS)->HC03 -, 
Na ~K - and Ca -ATPases. Sensivitity to endosulfan (5u \xlK) 
2+ 2 + 
had been maximum with Mg (aS)-ATPase and minimum with Ca -
2+ + + 
ATPase. Mg (OIS)-,Na -K - ^"d HCO"-ATPases exhibited more 
or l ess equal s e n s i t i v i t y to endosulfan. 
Although the spec i f ic ATPase a c t i v i t i e s in pupa were 
l e s s , t h e i r s e n s i t i v i t i e s were generally more (Table 2) as 
compared with tha t of the la rva l s tage . I n t e r e s t i n j i y , HCO3 ~ 
ATPase exhibited maximum s e n s i t i v i t y (7U,t) inh ib i t ionj and the 
2 + 
Mg (OIS)-ATPase the minimum (57;-^  inhibition). Other ATPases 
showed about equal sensitivity (6i-64/(i inhibition). 
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ATPase activities in adult female homoyenate have been 
depicted in Table 3. Generally, all the ATPases exhibited 2 to 
3-fold more activities as that of the larval and pupal stages. 
Pattern of ATPase profiles in female remained comparable with 
that of larval stage except that the Na -K -ATPase was at lowest 
2 + profile. In female, Mg -(OIS)-ATPase was found most sensitive 
to endosulfan {52% inhibition) and the HCOo - ATPase the least 
2 + (24;!^  inhibition). Second most sensitivity was shown by Mg 
2+ + + (OS)-ATPase {41% inhibition) followed by Ca - and Na -K -
stimulated ATPases. 
^* Specific activities during selection process: ATPase profiles 
in ERS and A/iRS were studied in generations under the influence 
of insecticidal selection. It was observed that the activities 
in larval, pupal and adult stages generally increaseci. Enzymatic 
profiles in larval homogenate are given in Table 4. in general, 
ATPase activities in both the resistant strains had been more 
than that of SS which was relatively more profound in EiiS 
except Na -K - and HCO3 - stimulated ATPases (Table 4). 
Similar pattern of ATPase profiles in pupal homoyeriate was 
also observed (Table 4), ATPase activities in homogenate of 
female also exhibited an increasing trend (Table 5) as observed 
in larva and pupa, 
3. Insensitivity of ATPases in ERS; ATPase sensitivity to endo-
sulfan (50 pi4) had been investigated in generations under insec-
ticidal selection. It was observed that the sensitivity of 
24 
ATPases in female iViRS vy,as s i m i l a r t o t h a t of t h e 33 (Table 5 ) . 
Though the data a re not shown h e r e , s i m i l a r r e s u l t s were a l so 
found with t h e l a r v a l and pupal s t a g e s . Un l ike SS ani ..U^S, 
t h e ATPase s e n s i t i v i t y in l a r v a l , pupal and adu l t s t ages of 
ER5 exh ib i t ed a gradual decreas ing p a t t e r n along v.ith t h e 
advancement of s e l e c t i o n p re s su re and g e n e r a t i o n s . The data 
2 + 
on Mg(oi^ATPase i n h i b i t i o n s by endosulfan (50 jji/i) were 52,4 and 
38j(> a t F, and F^c r e s p e c t i v e l y , thus i n d i c a t e d a dec rease in 
s e n s i t i v i t y by 14;^ .^ S i m i l a r l y , decreased s e n s i t i v i t y of 
Mg (OSJ -ATPase by 11,^ was a l s o observed. Ca - , Na -K -
and HCOo-ATPases e x h i b i t e d decreased s e n s i t i v i t y by 5-7>(i t oo 
(Tables 7 and 8 ) . S i m i l a r s t u d i e s with female mi tochondr ia l 
p r epa ra t ions and d i f f e r e n t c o n c e n t r a t i o n s of endosulfan had a l so 
been undertaken a t an advanced g e n e r a t i o n (Fgo^* I n h i b i t o r y 
2 + p r o f i l e s of Mg (0I3)-ATPase have been surai a r i s e d in Taoie 9 . 
S p e c i f i c a c t i v i t y of t h e enzyme in ERS was inc reased ( 1 . 5 fo ld ) 
2 + 
as compared with t h a t of So. Mg (0lS}-ATPase i n h i b i t i o n s 
due t o endosulfan (25-100 ;JM) va r i ed from 35-70/.J in bS and 
12-45;^ in hRS. Reduced s e n s i t i v i t y in hRS a t 25 pi-l end iOO )ji4 
in r e l a t i o n with t h a t of SS were 23,,'^  ( o r 3 - fo id i n s e n s i t i v i t y ) 
and 25/1& (or 1.6 fo ld i n s e n s i t i v i t y ) r e s p e c t i v e l y . Data on 
2 + i n h i b i t o r y p r o f i l e s of Mg (OS)-ATPase a re p resen ted in Table 13 . 
2+ 2 + 
Like Mg (OlS)-ATPase, s p e c i f i c a c t i v i t y of Mg (uoJ-ATPase 
was a l s o inc reased in tRS as com^jared with SS. With 2D to 10-* p-4 
of endosul fan , i n h i b i t i o n s ranged from 16 t o 49,^ in oo and from 
2 + 
8 t o 31,^ in ERS. Unl ike Mg (OIS)-ATPase, reduced s e n s i t i v i t y 
25 
observed was by 2 - fo id except a t maximum c o n c e n t r a t i o n s (100 JJM) 
where i n s e n s i t i v i t y e x h i b i t e d by 1.6 f o l d . Observa t ions on 
2+ 
s e n s i t i v i t y of Ca -ATPase t o endosulfan have been shown in 
2+ 2 + 
Table 1 1 . Like Mg -ATPaser, s p e c i f i c a c t i v i t y of Ca -ATPase 
inc reased in ERS in comparision with t h a t of SS-. Endosulfan 
2 + in c o n c e n t r a t i o n s from 25 t o 100 JJM i n h i b i t e d Ca -ATPase from 
19-36^ in SS and 9-21;i^ in ERS. I t was thus evident t h a t t h e 
2 + 
s e n s i t i v i t y of Ca -ATPase t o d i f f e r e n t c o n c e n t r a t i o n s of endo-
su l fan was reduced by 50^ in ERS except a t h ighe r c o n c e n t r a t i o n . 
I n h i b i t o r y response of endosulfan t o Na - K -ATPaso has been 
shown in Table 12 . Inc rease in t h e s p e c i f i c a c t i v i t y of t h i s 
ATPase in ERS was r e l a t i v e l y more ( 2 - f o l d ) when compared with 
the r e l a t i v e i n c r e a s e s of o t h e r ATPases. Endosulfan i n h i b i t e d 
20 t o 56^ in SS and 13 t o 42% in ERS a t c o n c e n t r a t i o n s from 
25 t o 100 ^M. I t was thus c l e a r t h a t t h e i n s e n s i t i v i t y of 
Na -K -ATPase in ERS ranged from 7 t o 14 !^^ . Like o t h e r 
ATPases, HC03-''Jac%iN/ity in ERS was a l s o inc reased ( 1 . 6 fo ld ) 
when compared with t h a t of SS (Table 1 3 ) , I n h i b i t o r y and 
i n s e n s i t i v i t y response of HCO^ATPase were approximately s i m i l a r 
t o t h a t of Na -K -ATPase. 
QISCUSSION 
Di f f e r en t ATPases e x h i b i t e d d i f f e r e n t de.^rees of 
i n h i b i t i o n s by endosulfan in developmental s t ages of housef ly ; 
2+ - 2 + 
Mg (0S)-HC0o-'3nd Mg (OlS)-ATPases were found r e l a t i v e l y more 
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sens i t ive in l a r v a l , pupal and adult stages of fly respec t ive ly . 
The data suggested tha t the r e l a t i v e s e n s i t i v i t y of ATPases to 
endosulfan (organochlorine insec t i c ides ) could not be general ised. 
Sens i t iv i ty of HCO^-ATPase to endosulfan was noticed for the 
f i r s t time in the present inves t iga t ion and its inhibi tory 
pat tern was more or l e s s comparable with tha t of other ATPases. 
I t is in te res t ing to note tha t the speci f ic a c t i v i t i e s of a l l 
the ATPases increased under the se lec t ion pressure of i n s e c t i -
des i r respec t ive of t h e i r modes of ac t ion . This could be a 
generalised influence of res i s tance in response of increased 
demand of energy. Although there had been increase in ATPase 
a c t i v i t i e s in MRS, t h e i r s e n s i t i v i t e s t o endosulfan were qui te 
comparable with t h a t of S:J. On the contrary, ATPase s ens i t i v i t y 
to endosulfan in ERS reduced. This indicated tha t the insens i -
t i v i t y of ATPases was the important fac tor of res i s tance to 
endosulfan. I t was also evident t ha t the dejree of i n sens i t i v i t y 
of ATPases possessed some cor re la t ionsh ip with the degree 
of r e s i s t ance . Although the data on i n s e n s i t i v i t y of ATPases 
remained meagre ^Matsumura and Ghiasuddin, 1979; i a t i l et^ a l . , 
1930), the present inves t iga t ion was indica t ive of ATi^ ase 
i n s e n s i t i v i t y as an important factor of res i s tance to chlorinated 
pes t i c ides . I n sens i t i v i t y of HCO^-ATPase was obs»-rvori for the 
f i r s t time in th i s study. Since evidences on i n s e n s i t i v i t y of 
ATPases in organochlorine res i s tance v\tre tew, tht- .juoject needed 
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detailed studies with respect to a variety of insecticides in 
order to arrive on a definite conclusion. This would be of 
special significance in using these parameters as biochemical 
markers of resistance to organochiorines. 
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Table 1 
ATPase sensit ivity to endosulfan in larva 
ATPase Ac t i v i t y^ 
Mg^"^(01S)-ATPase 1.52±0.22 0.91 iO. l 5 (^0) 
Mg^'"(OS)-ATPase 1.78+0.25 0.69i 0.09 (61) 
Ca^"^-ATPase 0.53±0.09 0.^ +1 + 0.06 (23) 
Na'^-K'^-ATPase 0.69±0.11 O.'f 1 tO.06 ('40) 
HCO~-ATPase 0.82±0.1if 0.53 + 0.09 (35) 
c = Expressed as^/nidcspi h mg p ro te in ' is mean ± SEM for 't 
observations. 
a = Specific ac t i v i t y . 
b = Ac t i v i t y in presence of endosulfan (50 ;LIM). 
Figures in parentheses are percent inhibit ions. 
a 
Table 2 
ATPase sensitivity to endosulfan in Pupa 
ATPase Activity'^ 
Vg^'"(01S)-ATPase 0.79±0.13 0.25t0.03 (57) 
IVg^''(OS)-ATPase 1.36±0.31 0.50±0.07 (63) 
Ca^^-ATPase 0.68±0.08 0.26t0.03 (61) 
Na''-K'"-ATPase 0.21±0.03 0.08±0.01 (6^ 1) 
HCO--ATPase 0.72+0.10 0.22±0.03 (70) 
c = Expressed asfjymJuP'i h mg protein is mean + SEM for ^- observa-
tions. 
a = Specific activity. 
b = Activity in presence of endosulfan (50/iM). 
Figures in parentheses are present inhibitions. 
Table 3 
ATPase sensitivity to endosulfan in female 
30 
c ATPase Activity 
Mg^^{01S)-ATPase 3.08±0.51 I.f8t0.21 (52) 
Mg^^(OS)-ATPase if.21±0.59 2.'f8±0.38 (4U) 
Ca^^'-ATPase 2.09±0.32 1.3l±0.21 (37) 
Na^-K^-ATPase 1.19±0,28 0.79±0.09 (33) 
HCO~-ATPase 2.76±0.45 2.09 + 0.31 (2^) 
c = Expressed as/t/mo(«Pi h mg protein is mean ± SEM for k observa-
tions. 
a = Specific activity 
b = Activity in presence of endosulfan (50 ^iM). 
Figures in parentheses are percent inhibitions. 
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Table f^ 
ATPase activities in Larva and Pupa at F13 
ATPase Larva Pupa 
SS ERS MRS SS ERS MRS 
Mg^^(OIS)-ATPase lA9±0.2Ct 1.62±0.25 1.56±0.25 0.78±0.12 0.91±0.1'f 0.90±0.12 
Mg^''(OS)-ATPase l.S0±0.2$ 2.21±0.3^ 2.11±0.32 1.35±0.22 1.52±0.23 l.'t7±0.23 
Ca^"^-ATPase 0.60+0.08 0.92±0.16 0.78±0.10 0.70±0j^08 1.08±0.19 0.92±0.i3 
Na'^-K"'-ATPase 0.70±0.11 1.20±0.19 1.31±0.22 0.23±0.01 0.36+0.05 0.38±0.03 
HCO'-ATPase 0.81±0.13 1.31±0.20 1.36+0.21 0.73±0.09 0.89±0.13 0.92±0.12 
Activities expressed as/ymofesPi h mg protein are means ± SEM for 3 observations. 
32 
Table 5 
ATPase sensitivity to endosulfan in fennale at F15 
ATPase SS MRS 
Mg^''(OIS)-ATPase 2.99±0.54 l.if9±0.21 (50) 3.18±0.43 i.65±0.22 ^18) 
Mg^^(OS)-ATPase 't.00±0.63 2.20±0.32 (^ f^) ^^.5910.51 2.29t0.27 (50) 
Ca^^-ATPase 2.10±0.'fl 1.36±0.19 (35) 2.55±0.36 1.78.0.19(30) 
Na*-K*-ATPase 1.20±G.19 0.8'+±0.12 (29) I .6U0.23 l.09±0.l 5 (32) 
HCO^-ATPase 2.72+0.52 2.02±0.28 (25) 3.26±0.50 2.61±0.38 (22) 
Activities expressed as/^-mo/wPi h mg protein are means + SEM for 3 
observations. 
a = Specific activity. 
b = Activity in presence of endosulfan (50 pM). 
Figures in parentheses are percent inhibitions. 
it 
Table 6 
Mg -ATPase sensitivity to endosulfan in female ERS 
Gen . 
FO 
F l 
Fit 
F l l 
F15 
F20 
F25 
3.08: 
3.11: 
3.10: 
3.13: 
3.25: 
3.49= 
3.85: 
Mg2"i 
a 
t0 .51 
tO.45 
tO.52 
t0.ff2 
tO.38 
t0.51 
t0.60 
(OIS)-ATPa 
1.48: 
1.49: 
1.45d 
1.59: 
1.88: 
2.09d 
2.38: 
se 
b 
t0.21 (52) 
t0.20 (52) 
t0.19 (53) 
tO.24 (49) 
bO.25 (42) 
t0.31 (40) 
bO.29 (38) 
Mg^^(OS)-ATPase 
a 
4.21±0.59 
4.19+0.63 
4.27±0.70 
4.58±0.67 
4.82±0.80 
4.91±0.76 
5.10±0.83 
fc 
2.48^ 
2.47d 
2.56i 
2.79: 
3.15: 
3.34' 
3.57. 
) 
tO.38(41) 
tO.34 (41) 
tO.38 (40) 
tO.42 (39) 
tO.46 (35) 
tO.49 (32) 
t0.50 (30) 
Activities expressed as//moUsPi h mg protein are means ± SRM for 3 
observations. 
a = Specific activity 
b = Activity in presence of endosulfan (50 ^iM). 
Figures in parentheses are percent inhibitions. 
If 
Table 7 
Ca - and Na -K -ATPase sensitivities to endosulfan in female ERS 
Gen. 
FO 
Fl 
Fif 
F U 
F15 
F20 
F25 
Ca 
a 
2.09±0.32 
2.12±0.31 
2.16±0.27 
2.^7+0.33 
2.67±0.40 
2.72±0.38 
2.71±0.35 
-ATPase 
b 
1.31±0.21 (37) 
1.33t0.20 (37) 
1.3^+0.19 (38) 
1.63±0.28 (3^) 
1.81 + 0.26 (32) 
1.90±0.32 (30) 
1.89±0.28 (30) 
Na^-K"" 
a 
1.19±0.28 
1.18±0.17 
1.23+0.16 
I.3I + 0.20 
1.^9±0.22 
1.67±0.25 
1.98±0.27 
-ATPase 
b 
0.79t0.09 (33) 
0.79.0.13 (33) 
0.81i0.09(3if) 
0.30±0A0 (31) 
\.m±OA(> (30) 
1.17±0.15 (29) 
l.'*2±0.20 (28) 
Activities expressed as/^mei»«pi h mg protein" are means + SEM 
a = Specific activity 
b - Activity in presence of endosulfan (50 JJM) 
Figures in parentheses are percent inhibitions. 
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Table 8 
HCO^-ATPase sensitivity to endosulfan in female ERS 
Gen. HCO'-ATPase 
FO . 2.76±0A5 2.09±0.31 {2'f) 
Fl 2.79±0.33 2.12±0.32 (2^) 
F'f 2.81±0.4'f 2Ak±0.3i^ (2^) 
F l l 3.01±0.^3 2.35±0.29 (22) 
F15 3.19±0.49 2.55±0.36 (20) 
F20 3.79±0.56 3.Q7±0A7 (18) 
F25 ^.11±0.61 3.^1+0.51 (17) 
Activities expressed as//ino/wPi h mg protein" are means ^ SEM 
for 3 observations. 
a = Specific activity 
b = activity in presence of endosulfan (50 pM). 
Figures in parentheses are percent inhibitions. 
Table 9 
sensitivity to 
female ERS at F62 
Mg {OIS)-ATPase  endosulfan in mitochondrial fraction of 
Endosulfan SS ERS 
( ^iM) 
Q.O 3.75±0.62 5.63±0.83 
25 2.^^310.37 (35) ^.95_+0.75 (12) 
50 1.68±0.25 (55) it.56±0.72 (19) 
75 1.51±0.20 (50) 3.88±0.66 (31) 
100 1.12±0.18 (70) 3.09 + 0.51 (^ +5) 
Activities expressed as/i/moie r^Pi h mg protein are means + SEM for 
3 observations. 
Figures in parentheses are percent inhibitions. 
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Table 10 
Mg (OS)-ATPase sensitivity to endosulfan in mitochondrial fraction of 
female ERS at F62 
Endosulfan SS ERS 
0.0 5.83±0.88 7.25+1.01 
25 'f.89±0.79 (16) 6.67±0.92 [8) 
50 'f.OStO.ea (30) 6.16±0.95 (15) 
75 3.61±0.57 (38) 5.87±0.92 (17) 
100 2.97±0.^2 {1+9) 5.00t0.72 (31) 
Activities expressed asj/noies Pi h mg protein" are means ± SEM for 
3 observations. 
Figures in parentheses are percent inhibitions. 
Table l i 
ivity to en 
female ERS at F62 
Ca -ATPase sensit i dosulfan in mitochondrial f ract ion of 
Endosulfan 
( ;uM) 
0.0 
25 
50 
75 
100 
SS 
2.62±0.^2 
2.12±0.32 (19) 
1.96±0.27 (25) 
1.83±0.30 (30) 
1.67±0.2^ (36) 
ERS 
3.79±0.62 
3.45±0.57 (9) 
3.41±0.61 (10) 
3.18±0.f6 (16) 
2.99±0.'f3 (21) 
Act iv i t ies expressed as//wi><esPi h mg prote in" are means ± SEM 
for 3 observations. 
Figures in parentheses are percent inhibit ions. 
SS 
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Table 12 
Na -K -ATPase sensitivity to endosulfan in mitochondrial fraction of 
female ERS at F62 
Endosulfan SS ERS 
( JuM) 
0.0 1.81±0.27 3.52±G.53 
25 1.45±0.23 (20) 3.06±0.f6 (13) 
30 l.i2±0.18 (38) 2.67±0.36 (2^) 
75 0.94±0.10 (^ 18) 2.22±0.33 (37) 
100 0.79±0.10 (56) 2.0^^10.37 {^2) 
Activities expressed asfjmoUsPl h mg protein" are means + SEM for 
3 observations. 
Figures in parentheses are percent inhibitions. 
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Table 13 
HCO'-ATPase sensitivity to endosulfan in mitochondrial fraction of 
female ERS at F62 
Endosulfan SS ERS 
( MM) 
0.0 ^.22±0.62 6.77+1.01 
25 3.75±0.39 (11) 6.36±0.95 (6) 
50 2.99±0A8 (29) 5.55+0.82 (18) 
7^ 2.19±0.3't CfS) 4.33+0.65 (36) 
100 1.73±0.26 (59) 3.99+0.63 {k\) 
Activities expressed asj^moiesPl h mg protein are means + SEM for 
3 observations. 
Figures in parentheses are percent inhibitions. 
CHAPTER III 
REDUCED SENSITIVITY OF ACETYLCHOLINESTERASE DURIKG DEVELOPMENTAL 
COURSE OF RESISTANCE TO MALATHION 
tl 
Acetylcholinesterase (AChE) has been established as the 
target enzyme of organophosphate and carbamate insecticides. 
Although it is beyond the comprehension of the present chapter, 
it would be proper to describe, in brief, the physiological 
role of AChE in context of this chapter. AChE plays vital 
role in cleaving the acetylcholine (ACh) into acetate and 
choline at the synaptic cleft. Acetylcholine is an important 
neurotransmitter. When ACh completes its job, it "is essential 
to remove it from the receptor site for normal conductance of 
of nerve impulses and AChE helps in it* removal. Since AChE 
is the target of organophosphates and carbamates, the poisoning 
by these pesticides leads to the inhibition of AChE resulting 
in accumulation of ACh at presynaptic clefts and the normal 
transmission of nerve impulses is impaired. Reduced sensiti-
vity of AChE to organophosphate was first reported in 
resistant mites (Smissaert, 1964). These findings were 
subsequently confirmed which lead to the belief that the 
insensitivity of AChE is an important mechanism of resistance 
to organophosphates and carbamates (Zone and Helle, 1966; 
Lee and Bathaip, 1966; Ballantyne and Harrison, 1967; Houlston 
et al^ ., 1968; Zahavi et al_., 1970; Hama and Iwata, 1971; 1973, 
1978; Iwata and Hama, 1972). Although informations on this 
aspect exists, there are but few studies on the developmental 
course of resistance. Against this background, attempts have 
been made to investigate the evolutionary course of resistance 
it 
t o malathion in the contex t of reduced s e n s i t i v i t y of AChE. 
Attempts were a l s o made t o d i f f e r e n t i a t e q u a l i t a t i v e l y , t h e 
r e s i s t a n t AChE from t h a t of t h e s u s c e p t i b l e , 
JvlATERIALS AND /^THODS 
ACh, ATCh, DTNB were procured from Sigma Chemicals (USA) 
and o t h e r chemicals of a n a l y t i c a l grade were mainly the products 
of Sisco Laboratory or Merck. Malathion was procured as a 
g i f t from Bharat I n d u s t r i e s , Rajas than ( I n d i a ) . PAM, the 
a n t i d o t e of organophosphate poisoning was t h e product of 
Sumilomo Pharmaceu t ica l s Co. Ltd, Osaka, J apan . 
1. P r e p a r a t i o n of homogenate and i t s f r a c t i o n s ; La rva l , pupal 
and adu l t s t age s were u t i l i s e d and t h e i r homogenisat ion and 
f r a c t i o n a t i o n done as d e t a i l e d in t h e Chapter I I . T r i s buffer 
as t h e homogenisat ion medium was used only fo r the s t u d i e s on 
t h e e f f ec t of e s s e n t i a l ions on enzyme a c t i v i t y and s e n s i t i v i t y . 
Assay of AChE a c t i v i t y ; Enzyme a c t i v i t y was assayed by t h e 
d i scon t inuous method of Bockendahl and Ammon (1963) and 
continuous method of Eliman e_t al_. (1961) . 
In the former, t h e r e a c t i o n mixture conta ined in a f i n a l 
volume of 2 .2 ml, 80 >iM of phosphate buf fe r (pH 3 . 1 ) , 44 p(1 
il 
of MgClo 3 P^ °^ '^Cl, 5U ufl ACh and O . i - 0 . 2 ml of enzyme 
sou rce . The r e a c t i o n s c a r r i e d out a t 37 C fo r 60 min. were 
t e rmina ted by a d d i t i o n of i ml of hydroxylamine-sodium 
hydroxide (i4;!^(w/v) of each mixed in equal volumes) and 1.5 ml 
of 0 . 5 N-HCl. A l iquo t s ( O . i - 0 . 5 ml) were added t o 4 ml of 
^% (w/v) FeCl^. The b r i ck co tour was measured a t 540 nm on 
Spectrophotometer ( s p e c t r o n i c 2 1 : Bausch a Lomb) and compared 
with 50-100 pmol. of r e f e r e n c e a c e t y l c h o l i n e . 
RESULTS 
Data were gathered with special emphasis on the profiles 
of AChE activity and sensitivity during the process of selec-
tion against malathion. Similar observations were also made 
with the endosulfan resistant flies in order to know the basic 
difference in resistance to these insecticides having different 
modes of action. The data obtained have been described below 
under different headlines and discussed. 
i. AChE sensitivity in developmental stages; Profiles of AChE 
inhibition, in vitro by malathion in developmental stages have 
oeen shown in Fig. 3. Pupal AChE exhibited the maximum 
sensitivity to all concentrations of malathion, followed by 
by larva and adult (female). Generation of this data was 
considered essential in order to decide the i£i vitro concen-
tration of malathion in further studies. 
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2. Profiles of AChE in biological stages during the developmental 
course of resistance; Activity profiles of ACht in whole 
homogenates of biological stages in generations emerging out 
of insecticidal pressure were followed up to ^2^^' ^^ shown in 
Fig. 4, the activity in larval stage registered gradual increase 
with the advancement of generations and resistance to both the 
insecticides. This effect was more pronounced in jvlRS than ERS. 
Similar trend was also evident at pupal stage (Fig. 5J but to 
a lesser extent. Although the same pattern existed at adult 
stage (Fig. 6), the initial progress was slow as compared with 
that of larval stage. There was a striking difference in AChE 
activity at different developmental stages of fly. Adult 
female registered highest activity (6.36), followed oy larva 
(0.76) and pupa (0.56). 
3. AChE sensitivity in biological stages under the influence of 
resistance; sensitivity of AChE to malathion (5J ynW) in 
larval, pupal and adult stages of generations propagating under 
insecticidal pressure had been investigated. It was evident at 
larval stage (Fig. 7), that l-ARS registered reduced sensitivity 
which progressed gradually with the generation and insecticidal 
pressure. It is noteworthy that ERS,on the other, hand showed 
increased sensitivity to malathion. Under identical conditions, 
ims showed 35/o inhibition of AChE at F^^ which was 5o,j at the 
outset of selection. This indicated a decrease of AChE 
# : » 
s e n s i t i v i t y to malathion in MBS by 20^ while an increase in ERS 
by 7/C under the present experimental protocol . Sens i t iv i ty 
prof i les of AChE in pupal stage (Fig. 8) exhibited a pat tern 
s imilar to tha t of l a rva l s tage . In comparison, with SS, 
reduced s e n s i t i v i t y by IQ/i in /.IRS and increased s ens i t i v i t y 
by 3;^  in ERS was thus apparent in pupae. I t is i n t e res t ing 
to note tha t the pic ture of AChE s e n s i t i v i t y to malathion in 
adult female (Fig. 9) i s qui te s imi lar with tha t of the 
e a r l i e r developmental s tages . Thus res i s tance to malathion 
resul ted in decreased s e n s i t i v i t y of AChE which pers is ted to 
a s imilar extent in a l l the developmental stages of housefly. 
4 . Prof i les of AChE a c t i v i t y and s e n s i t i v i t y in homogenate and 
i t s f rac t ions ; AChE-activity, assayed by discontinuous 
method, in the head homogenate, mitochondrial and microsomal 
f ract ions and post microsomal supernatant 'were observed in 
both the sexes of a l l s t r a i n s . In male enzyme a c t i v i t y in 
the absence of malathion has been shown in F ig . 10. Generally 
iVlRS regis tered higher a c t i v i t y in a l l the preparations followed 
by SS and ERS. Response of AChE to malathion in di f ferent 
preparations are expressed in Fig. 11. Enzyme in homogenate 
was inhibi ted by 76/o, 82^ ^ and Ad,i in S3, ERS and ,V1RS respec-
t ive ly indicat ing a reduced s e n s i t i v i t y in ivlRS by 23/.> over SS. 
Enzyme in mitochondrial preparation showed inh ib i t ion oy oJ/u, 
8iji and 40;a in SS, ERS, and ,;iRS respec t ive ly . The l a t t e r in 
microsomal f rac t ion had inh ib i t ion of 7i,*i, 73/o and 59/3 
ir 
respectively. Post microsomal supernatant indicated inhibition 
by 72^, 80^ and 56^ in SS, ERS and MRS respectively. Thus 
reduced sensitivity of AChE to malathion (100 jjM) was evident 
in MRS by 28;^ , 10^, 12^;!^  and 14% in homogenate, mitochondrial, 
microsomal and pms respectively. 
Profiles of AChE activity in fractions of female head 
have been depicted in Fig. 12. MRS registered increased 
activity in all the sources of enzyme followed i5y SS and ERS. 
Response of AChE to malathion (100 pM) have been shown in 
Fig. 13. Malathion inhibited the enzyme in homogenate by 
Q4%, 80^ and 61)1^  in SS, ERS and MRS respectively. The 
percentage inhibition in mitrochondrial fraction were 62;it), 84;^  
and 50;^  in SS, ERS and MRS respectively. Microsomal AChE was 
inhibited by 73%, 90% and 60% in SS, ERS and MRS respectively. 
The latter in pms had inhibition of 81%, 90% and 51% respec-
tively. Thus reduced sensitivity of AChE to malathion (100 pM) 
was evident in female MRS by 23%, 12%, 13% and 30% in homogenate 
mitrochondrial, microsomal and pms fractions respectively. 
5. Reduced sensitivity of AChE in head and thorax at different 
£H: Inhibitory response in homogenate of head and thorax 
was also investigated and has been shown in Fig. 14. In the 
head, maximum inhibition occurred at pH 8.0 in SS (42%) while 
in resistant strains at pH 8.5 viz. HR3 (54%) and .VJG (J5%). 
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Minimum i n h i b i t i o n s observed were 15;!^  in S3 (pH 6 . 5 ) , i i ,^ in 
JMRS (pH 8.0) and 25^^ in ERS (pH 8 . 0 ) . I n s e n s i t i v i t y of AChE 
t o mala th ion in MRS were maximum a t pH 8.0 (275!^ ) and minimum 
a t pH ranging from 6 . 0 - 6 . 5 (3%). In t h o r a x , i n h i b i t i o n va r i ed 
from 78-21^ a t range of pH 6 . 0 - 6 . 5 in SS» which was not ev ident 
i n e i t h e r ERS or ms. I n h i b i t i o n s were minimum a t pH 6.0 (23;^) 
and pH 7 .0 ( i i%) and maximum a t pH 8.0 (36^) and pH 6.5 (30^) 
in ERS and MRS r e s p e c t i v e l y . I n s e n s i t i v i t y of t h o r a x AChE in 
jNifflS was t hus more pronounced a t pH 6.0 (55;^) followed by 25;^ 
(pH 8 . 5 ) , 17% (pH 7 .0 ) and 10;^ (pH 6 .5 ) in comparisorv with SS. 
I t i s i n t e r e s t i n g t h a t ERS g e n e r a l l y showed more s e n s i t i v i t y 
in both t h e r e g i o n s . 
6* Time- and c o n c e n t r a t i o n dependent i n h i b i t o r y p a t t e r n of AChE: 
I t was i n v e s t i g a t e d in head pms of female a t F^, and has 
been shown in F i g . 15 . A wide range of mala th ion c o n c e n t r a t i o n s 
(25-200 pM) had been used fo r p r e - i n c u b a t i o n with pms fo r a 
per iod of 15 min and t h e AChE a c t i v i t i e s were determined a t 
d i f f e r e n t i n t e r v a l s . This c o n c e n t r a t i o n range of mala th ion 
in v i t r o i ncuba t ion of 30 s e c , caused i n h i b i t i o n range of 
20-60^ in SS and 0-21,^ in MRS. P r e i n c u b a t i o n per iod of 3 min 
with 25-200 pM mala th ion i n h i b i t e d 26-84^ i n 3S and 0-78^ in 
MRS. S i m i l a r p r e i n c u b a t i o n of 15 min lead i n h i b i t i o n range 
of 60-90/6 in SS and 29-77j6 in ims • P r e i n c u b a t i o n per iod of 
0 .5-15 min with 25 ;JM malathion caused i n h i b i t i o n range of 
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20-55;)^ and 0-29^^ in SS and MRS r e s p e c t i v e l y . 50 pM maiathion 
pre incuba ted for 0 .5 -15 min r e s u l t e d i n h i b i t i o n range of 
32-65;^ in SS and 0-35i6 in iVlRS. I n h i b i t i o n p r o f i l e s of AChE 
with 100 and 200 pM mala th ion fo r a p r e i n c u b a t i o n range of 
0 .5-15 min were 40-79^ and 60-95,^ in SS whi le l-33/o and 
21-92;^^ in MRS r e s p e c t i v e l y . 
7 . Effect of t empera tu re on a c t i v i t y and s e n s i t i v i t y p r o f i l e s 
of AChE a t fH 6 .0 and pH 8 . 1 ; These obse rva t i ons have been 
dep ic t ed in F i g . 16. At pH 6 . 0 , maximum AChE a c t i v i t i e s were 
o o 
recorded a t temp. 25 C and 15 C in SS and ivlRS r e s p e c t i v e l y . 
Although lowest a c t i v i t i e s were observed in both t h e s t r a i n s 
a t 50°C, SS r e g i s t e r e d ha l f of t h e a c t i v i t y shown by i'4HS. At 
pH 8 . 1 , t h e r e was no e f f e c t of t empera tu res from 15 C-37 Q 
on a c t i v i t y p r o f i l e s in MRS and t h e r e v e r s e was t r u e with SS. 
At 50 C with pH 8 . 1 , 35% of t h e maximum a c t i v i t y in MRS ( a t 
o o 
15 C) and 12% of t h e maximum a c t i v i t y i n SS ( a t 25 C) a r e 
noteworthy. 
Trend of AChE i n h i b i t i o n by mala th ion (25 )JM) at pH 6.0 
remained u n a l t e r e d in MiRS. On t h e c o n t r a r y , t h e t r e n d in MRS 
d i f f e r e d with SS a t pH 8 . 1 . In SS, i n h i b i t i o n progressed 
along wi th t h e i n c r e a s i n g temp, from 15-37 G but dec l ined 
sharply t h e r e a f t e r , whi le in MRS t h e i n h i b i t i o n p a t t e r n 
mainta ined l i n e a r i t y with t h e i n c r e a s i n g t e m p e r a t u r e . 
+ + 2 + 
8. Effect of Na , K ^ and Ca on profiles of AChE activity and 
sensitivity at pH 6.0 and 8.1; 
In vitro effect of Na on AChE activity and sensitivity 
to malathion has been shown m Fig. 17. Na had similar effect 
on AChE activity in both the strains at pH 6.0. Increasing 
concentrations of Na exhibited a protective effect on 
inhibition of AChE in all the straihs at pH 6.0. At pH 8.1, 
a little increase in activity was evident in presence of Na . 
There was no apparant effect of Na on the inhibitory patterns 
of AChE of both the strains. Effect of K on AChE have been 
depicted in Fig. 18. At pH 6.0, lower concentration K had a 
little additive effect of enzyme activity which decreased with 
the increasing concentration of K in both the strains. K 
showed some protective effect on AChE inhibition in So and the 
reverse was true with ivU^ S. At pH 8.1, enzyme activity was 
increased at lower concentrations in SS but decreased in /vlRS. 
Further increase in K concentration showed a trend of recovery 
of ACnE activity in jVlRS. Inhibition of AChE by malathion was 
+ . 2 + 
protected by K to a little eetent in both the strains. Ca 
exhibited a little stimulatory effect at lower concentrations 
and a little inhibitory effect at higher concentration at pH 
6.0 in both the strains (Fig. 19). At pH 8.1, a gradual 
2 + 
inhibitory effect with the increasing concentrations of Ca 
was evident in SS while a little stimulatory effect at lower 
concentrations and a little inhibitory effect at higher 
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concentration in MRS. Effect on the inhibitory patterns of AChE 
by malathion remained similar in both the strains. 
9. Effect of PAM on AChE activity; Effect of PAM (anti-dote) 
concentrations (20-1000 pM) at different incubation periods has 
been shown in Fig. 20. PAM had relatively more stimulatory 
effect in SS than AiRS except at higher concentration. 
Interestingly, incubation time had no effect on enzyme stimu-
lation in SS while there was time-dependant effect in iVlRS. 
DISCUSSION 
As described above, AChE has been established as the 
target enzyme of organophosphorus and carbamate insecticides. 
Enzyme sensitivity to these inhibitors is also reduced during 
resistance and considered as an important mechanism of resistance 
to these insecticides. Most of the informations on this aspect 
were limited to the adult stage of insects of agricultural and 
medical importance. Moreover, systematic data on the evolu-
tionary course of resistance to organophosphates were also 
limited. Against this background, activity and sensitivity 
profiles of AChE in developmental stages of test insect in 
generations under selection of malathion were studied in the 
present investigation. 
Activity and sensitivity profiles were established in 
larval, pupal and adult at the outset of the selection pressure. 
5t 
Although maximum AChE activity in adult was observed followed 
by larva and pupa, the enzyme sensitivity to malathion on the 
other hand, was just in the reverse order. Systematic data on 
enzyme activity in different life stages gradually increased 
during the evolutionary course of resistance. Although 
increased activity in resistant adult was reported earlier 
(Haraa, 1977), the present data also indicated that this 
influence of resistance persisted in juvenile stages. 
Interestingly, the sensitivity of the enzyme gradually reduced 
"to every stage of development under the influence of malathion 
resistance, which was in accordance with other observations 
(Tripathi and O'Brien, i973a,b, 1975, 1976). However, AChE 
insensitivity in juvenile stages would bridge up the gap in 
existing knowledge to some extent. It would be pertinent to 
mention that the early stages of noxious insects could be 
easily handled in the field conditions, so the data needed 
review from this angle, 
AChE was similarly studied with ERS in order to throw 
some light on the basic difference in resistance to these 
insecticides with dimetrically opposite modes of action. 
Interestingly, both activity and sensitivity of AChE in ERS 
were increased. This would be of particular interest from 
the point of view of devising combat measures against 
resistance to endosulfan. Data described, in the chapter X 
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on the organophosphate as the combat measures might be viewed 
in the l i gh t of these observat ions. 
Some reports about the d i s t r i b u t i o n of AChE a c t i v i t y in 
t i s sue sediment and supernatant though existed (Needham and 
Sawicki, 1971; Hama, 1977), our knowledge remained meagre on 
the ac t iv i ty and s e n s i t i v i t y prof i les of AChE in different 
fract ions from r e s i s t a n t i n s e c t s . This s t a t e of knowledge 
prompted the author to make observations on t h i s pa r t i cu la r 
aspect too . Data were indica t ive t h a t a l l the t i s s u e f rac-
t ions (mitochondrial , microsomal and supernatant) in ;/RS had 
r e l a t i ve ly increased a c t i v i t i e s and reduced s e n s i t i v i t y to 
malathion. Again i t was recorded tha t the f ract ions from ERS 
had more s e n s i t i v i t y to malathion. 
Different forms of AChE had been reported in many 
insects (Lee and Batham, 1966; Devonshire, 1975; Nolan et_ a l . , 
1972). Isozymes of AChE in housefly have a lso been demonstrated 
(Tr ipa th i , 1973a, 1975). AChE in housefly had a lso been 
reported as an oligomer enzyme (Gra-/-ius and Mil ler , 1965,1967; 
Steele and Smallman, 1976). Since enzymes with these proper-
t i e s had been acknowledged to be pH-sensit ive, i t was 
considered in t e res t ing to study the a c t i v i t y and s e n s i t i v i t y 
pat tern at d i f ferent pH. In comparison with SS, sh i f t s in 
the s e n s i t i v i t y and a c t i v i t y patterns were observed in ivlRS. 
This was viewed in the context of d i f ferent isozymes reported 
55 
in housefly (Tripathi and O'Brien, i973a, 1977; Tripathi et_ al_. 
1973). It should be borne in mind that the resistant isozymes 
could not be appropriately separated by the conventional 
methods such as gel electrophoresis, gel filtration or column 
chromatography (Nolan ^  al,., 1972; Tripathi and O'Brien, 1975). 
Effect of preincubation of enzyme source with inhibitor 
and the rate of inhibition was studied in few cases (Mengle and 
Casida, I960; Schuntner and Roulston, 1968). Present 
investigation on these lines revealed that the time-dependent 
inhibition (rate) was significantly reduced in iVJRS. Time-
dependent AChE inhibition had been beautifully represented by 
an equation which explained that the reduced sensitivity was 
due to reduced affinity of AChE for inhibitor (O'Brien, 1967; 
Aldridge and Reiner, 1972; Yamamoto et a_l_. , 1977). 
As mentioned above, AChE in housefly had been reported 
as an oligomer enzyme which is considered to be sensitive to 
salt concentration and pH (Krysan and Kruckeberg, 1970; 
+ + 2 + 
Dudai et_ al_. , 1972). Moreover, Na , K and Ca play 
physiological role in neurotransmission by ACh (Vasilesco and 
Margincanu, 1982; Kainer, 1983). In the light of the above 
informations on the effect of the ions at different pH, it was 
thought interesting to know the differential response of 
resistant AChE from susceptible. Some differences in activity 
and sensitivity profiles of AChE in MRS were noted. The 
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informations gathered might serve as an additional tool in 
such studies. 
In view of the altered AChE in /vlRS and the environmental 
temperature, effect of temperature on enzymatic activity and 
sensitivity was also studied. Activity maxima with respect to 
temperature was altered in ivlRs as compared with SS, this 
parameter might serve as one of the tools in characterisation 
of resistant AChE. PAM is an established antidote of organo-
phosi:*iate poisoning. It was also utilised as a small tool to 
differentiate the resistant AChE of A/lRS from that of SS. It is 
noteworthy, that the resistant AChE was less stimulated as 
compared with SS. 
The present investigation indicates that the insensitivity 
of AChE is an important factor of resistance to malathion and 
the resistant AChE differed in many new ways from that of 
susceptible as described above. 
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CHAPTER IV 
INFLUENCE OF RESISTANCE ON ENZYMATIC PROFILES OF XEt^BiOTlC 
METABOLISM 
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Xenobiot ic metabolism and t h e enzymes involved have been 
b r i e f l y desc r ibed in t h e i n t r o d u c t i o n . Some key enzymes of 
phase I and phase I I of xenob io t i c metabolism were s e l e c t e d 
in the present i n v e s t i g a t i o n . The i r p r o f i l e s i n t h e gene ra t ions 
under i n s e c t i c i d a l s e l e c t i o n were followed with t h e s o l e aim 
of t r a c i n g t h e i r i m p l i c a t i o n and p o s s i b l e c o r r e l a t i o n s h i p 
with r e s i s t a n c e t o endosulfan and ma la th ion . R e l a t i v e enzymatic 
p r o f i l e s in ERS and MRS would i n d i c a t e t h e i r i m p l i c a t i o n in t h e 
development of r e s i s t a n c e t o p e s t i c i d e s t o d i m e r t i c a l l y oppos i t e 
modes of a c t i o n . With t h i s aim, cytochrome P450, NADPH-cytochrome 
P450 r educ t a se (EC 1 .6 .2 ,4 ) NADH-cytochrome b5 r educ t a se 
(tC 1 .6 ,2 .2 ) , a r y l 4 -hydroxylase (EC 1 . 1 4 , 1 4 , 1 ) , A n i l i n e -
demethylase (EC 1 . 1 4 . 1 3 . 8 ) , g l u t a t h i o n e S - t r a n s f e r a s e 
(EC 2 , 5 . 1 , 1 3 ^ g l u t a t h i o n e peroxidase (EC 1 .11 .1 .9 ) g l u t a t h i o n e 
r educ t a se (EC 1 . 6 . 4 . 2 ) , g l u t a t h i o n e , d i f f e r e n t kinds of su l fhydry i 
con ten t s (Tota l SH, NPSH, GSH, GSSG), g lucose -6 -phospha te 
dehydrogenase (EC 1 . 1 , 1 . 4 9 ) , 6-phosphogluconic dehydrogenase 
(EC 1 .1 .1 .43) were a t tempted because t h e s e a re c l o s e l y 
i n t e r r e l a t e d with the r e a c t i o n s of xenob io t i c metaboiism, 
Endosulfan and mala th ion deg rada t ion by ERS and MRS microsomal 
system r e s p e c t i v e l y were a l s o s t u d i e d in o rder t o know t h e 
metabol ic a b i l i t i e s of r e s i s t a n t s t r a i n s a g a i n s t which the 
r e s i s t a n c e had developed. 
iViATERIALS AND iViETHQDS 
As desc r ibed in t h e chap te r I about t h e i n s e c t i c i d a l 
s e l e c t i o n and development of r e s i s t a n c e , ERS and ;vlRS were 
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u t i l i s e d out of t h o s e g e n e r a t i o n s . The chemicals used were 
mainly of Sigma C o . , U.S.A. and the o the r chemicals were of 
a n a l y t i c a l g r a d e . Homogenatejwere prepared in a medium 
conta in ing 0 .25 M s u c r o s e , 0 .001 M EDTA, 0 .01 M potassium 
phosphate buf fe r (pH 7 . 4 ) and 0.01 M n ico t inamide . The 
homogenate cen t r i fuged a t 15,000 g f i r s t and t hen s u p e r n a t e n t 
was u l t r a - c e n t i i f u g e d a t 100,000 g fo r 60 min. Micros cxnal 
p a l l e t ob ta ined was washed with 0 .15 M KCl con ta in ing 0.02 M 
Tris-HCl (pH 7 .4 ) and f i n a l l y suspended in 0 .1 M potassium 
phosphate buf fe r (KPB) (pH 7 . 4 ) . 
Determinat ion of Cytochrome P450; Cytochrome P450 was determined 
by t h e method of Smuckler et^ al_. (19 67) by r e a c t i n g microsomes 
with carbon monoxide (CO). The basa l medium con ta ined in a 
f i n a l volume of 1.5 ml, approximately 50 mg sodium d i t h i o n i t e , 
2-3 mg microsomal p r o t e i n and 0.01 M KPB (pH 7 .5) to make t h e 
volume, CO (prepared by r e a c t i n g cone, s u l f u r i c acid with 
formic ac id ) was bubbled in t h e r e a c t i o n medium for 1-2 min 
and s p e c t r o p h o t o m e t r i c a l l y measurements were taken at 450 nm 
and 500 nm a g a i n s t blank t h a t was not t r e a t e d with CO. The 
values were c o r r e c t e d . 
Assay of NADPH-Cvtochrome P450 r e d u c t a s e ; I t was done u t i l i s i n g 
i t s a b i l i t y t o c a t a l y z e cytochrome C r e d u c t i o n . The r e a c t i o n 
mixture contained in a f i n a l volume of 1 ml, 40 pwl KP3 ( pH 7 . 5 ) , 
10 piM sod. a z i d e , 1 mg cytochrome C, 0 .1 mg NADPH and iU-20 pq 
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microsomal p r o t e i n as enzyme s o u r c e . Rate of cytochrome c 
r e d u c t i o n was determined a t 550 nra on a spec t rophotometer 
(Varian ; Gary 2 i 9 ) . 
Assay of NADH-Cytochrome b5 r e d u c t a s e ; The enzyme was assayed 
by t h e method desc r ibed by Estabrook and Pullman (19 67 ) , 
following t h e r a t e of r e d u c t i o n of cytochrome C. The s tandard 
r e a c t i o n mixture conta ined in a f i n a l volume of 1 mi, 40 pfi\ 
KPB (pH 7 . 5 ) , 10 pM sod. a z i d e , i mg of cytochrome C, O.i mg 
HADti and 5-iO pg of microsomal p r o t e i n as enzyme s o u r c e . 
The r a t e of r e a c t i o n ( i n c r e a s e in absorbancy) was followed 
a t 550 nm using a l i g h t path of 1 cm on a spec t rophotometer 
( v a r i a n : Gary 219 ) . 
Assay of a r y l 4 -hydroxy lase ; I t was done by t h e method of 
Shimazu (1965) by e s t ima t ing p-aminophenol formed. The s tandard 
r e a c t i o n mixture conta ined in a f i n a l volume of 2 ml, 80 pM of 
t r i s - a c e t a t e buffer (pH 8 . 0 ) , 10 pM of MgGl2. 1 '^ P'-l of 
n i co t inamide , 0 .5 mM NADPH, 10 ;jiVl of a n i l i n e and 2-3 mg micro-
somal p r o t e i n a s enzyme sou rce . The r e a c t i o n was c d r r i e d out 
a t 37 C for 60 min. and t e rmina ted by a d d i t i o n of 1 ml of 15% 
TGA. t o 2 ml of p r o t e i n f r e e f i l t r a t e were added 1 ml of 10% 
sod. ca rbona te and 2 ml of 2% (w/v) phenol ( i n 0 .2 N sod. 
hydrox ide ) . The mixture was incubated a t 37 C for 60 min. 
The blue colour was measured a t 630 nm and coin(.^r»,d with 
r e fe rence p-aminophenol. 
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Assay of a n i l i n e - d e m e t h y l a s e ; Method of P e t t i t and a ^ i g l e r 
(1963 j was used to assay t h e a c t i v i t y of demethylase b^ 
es t imat ing the formaldehyde formed. The r e a c t i o n mixtui 
conta ined in a volume of 2 ml, 400 m of KPB (pH 7 . 4 ) , 10 p) 
of MgClo* 2 pM of semica rbaz ide , 0 . 5 mjVl NADPH, 10 y/Vl of dimetF 
a n i l i n e and 2-3 mg microsomal p r o t e i n . The r e a c t i o n was 
c a r r i e d out a t 37 C for 60 min and t e rmina t ed by a d d i t i o n of 
1 ml of 15% TCA. To 2 ml of p r o t e i n f i l t r a t e was added 2 ml 
o 
of Nash reagent and t h e c o n t e n t s were incubated a t 37 C for 
60 min. The yellow colour was measured a t 412 nm and compared 
with r e f e r e n c e formaldehyde fo r c a l c u l a t i o n of enzyme a c t i v i t y . 
Assay of g l u t a t h i o n e S - t r a n s f e r a s e ; The enzyme was assayed 
using CDNB as s u b s t r a t e by t h e method of Habig et^ al_. (1974) . 
The r e a c t i o n mixture of 1 ml conta ined 1 mM CDNB, 5 mM GSH, 
0 .5 M KPB (pH 6.5^ and 100 i^g p r o t e i n as enzyme s o u r c e . The 
r a t e of r e a c t i o n (absorbance) a t 340 nm was recorded a t a 
spec t rophotometer (Cary-219) . 
Assay of g l u t a t h i o n e r e d u c t a s e ; I t was made using t h e method 
desc r ibed by Car lberg and Mannervik (1975) . 1 mi r e a c t i o n 
mixture conta ined 1 mM GSSG, 0 .1 m^V. NADPH, 0.5 mM HDlA, 0 . 1 M 
KPB (pH 7 . 5 ) . React ion r a t e was recorded a t 340 nm, where 
NADPH was o x i d i s e d . A c t i v i t y expressed as p moles NADPH 
o x i d . / mg p r o t . / min. 
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Assay of g l u t a t h i o n e pe rox idase ; I t was done fol lowing t h e 
method desc r ibed by Pagl ia and Va len t ine (1967) . The r a t e of 
GSSG formation was measured by dec rease in absorbance a t 340 nm 
as NADPH conver ted t o NADP. Unit was def ined as micro-mole 
NADPH oxid./ing p r o t . / m i n on t h e ba s i s of e x t i n c t i o n c o e f f i c i e n t 
of NADPH a t 340 nm of 6.22 x 10"^M, 
Es t imat ion of su l fhydry l c o n t e n t s ; To ta l SH assayed in genera -
t i o n s were r o u t i n e l y es t imated by DTNB method of Ellman (1959) . 
Tota l SH, GSH, NPSH, GSSG in supe rna tan t were s imul taneous ly 
determined by adopt ing t h e methods of Delucia £t_ al_. (1975), 
H i s s in and Hi l f (1976) and modified s p e c t r o p h o t o m e t r i c a l l y for 
DTNB r e a c t i o n . Homogenate prepared in a medium con ta in ing 
0.15 h\ NaCl, 5 nAl T r i s , 1 mM EDTA (pH 7.5) was cen t r i fuged a t 
20»000 g fo r 1 h r . t o ge t supe rna t an t for e s t i m a t i o n s . Al l 
t h e t r e a t m e n t s remained same as desc r ibed in t h e methods 
except t h e f i n a l t r ea tmen t with DTNB t o develop t h e co lour for 
reading a t 412 nm as desc r ibed by Ellman (1959) . 
Assay of q lucose-6-phospha te dehydrogenase and 6-phosphoqluconic 
dehydrogenase; These enzymes were assayed by t h e method of 
Plapp (1970) , The r e a c t i o n mixture (1 .25 ml) conta ined 200 mM 
KPB (pH 7 . 5 ) , 1.6 miM G-6-P or 6-P-G and 0 . 1 mg p r o t e i n of 
superna ten t as enzyme s o u r c e . The r e a c t i o n was i n i t i a t e d by 
t h e a d d i t i o n of 0 . 1 m^M NADP. Absorpt ion changes were measured 
a t 340 nm using Cary-219 spec t ropho tomete r . 
6» 
Incuba t ion of p e s t i c i d e s with microsomal system and t h e i r 
e s t i m a t i o n ; i ml f i n a l volume of r e a c t i o n mixture conta ined 
2 mg microsomal p r o t e i n , 0 .5 mM NADPH, 0 .4 M KPB (pH 7 .5 ) and 
1 mM p e s t i c i d e s (endosul fan and mala th ion) and incubated a t 
37 C for 3 hours . React ion was stopped by t h e a d d i t i o n of 1 mi 
of 15^ TCA. P e s t i c i d e s i n t h e r e a c t i o n media were e x t r a c t e d 
in n-hexane. Endosulfan and mala th ion were q u a n t i f i e d using 
g a s - l i q u i d chromatograpn/^as desc r ibed in the chap te r V l l . 
RESULTS 
Enzymatic p r o f i l e s of Phase I ; Cytochrome P450 con ten t s 
determined in microsomal p r e p a r a t i o n s of a d u l t male and female 
a t F^Q have been given in Table 14. Cytochrome P45J content 
had been l e s s in SS male as compared with i t s coun te rpa r t 
female. The enzyme r e g i s t e r e d i n c r e a s e s in both t h e r e s i s t a n t 
s t r a i n s and sexes as w e l l . ERS e x h i b i t e d 5i% and 69/o inc reased 
a c t i v i t i e s over r e s p e c t i v e SS va lues in male and female 
r e s p e c t i v e l y . There was more i n c r e a s e in iVIRS (83-86,^) over 
SS va lues as compared with ERS but t h e d i f f e r e n c e of enzyme 
p r o f i l e s in male and female was marginal in /viRS. A c t i v i t y 
p r o f i l e s of NADPH-cytochrome P450 r educ t a se have been given 
in Table 1 5 . Female had approximately i . 5 - f o i d more a c t i v i t y 
than t h a t of male. Although both t h e r e s i s t a n t s t r a i n s and 
sexes had shown e leva ted enzyme a c t i v i t i e s , iViHS r e g i s t e r e d 
more as compared with ERS. I n c r e a s e s in enzyme a c t i v i t i e s of 
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male were 1Q% and 181% and in female 101% and 241^^ in ERS and 
Tv/RS r e s p e c t i v e l y . Ac t iv i ty pro f i l e s of NADH-cytochroine b5 
reductase at F^Q have been given in Table 16. This enzyme was 
a l so increased in both the r e s i s t a n t s t ra ins and s e x e s . It is 
in teres t ing to note that the increase in the a c t i v i t y in /Vvi 
male was more in comparison, with the female. A comparisoh-
of enzyme prof i l e s with the above enzymatic p r o f i l e s revealed 
that NADH-cytochrome b5 reductase reg i s t ered more increase than 
the cytochrome P450 (Table 14) and the NADPH-cytochrome P450 
reductase (Table 1 5 } . Like the enzymes described above, NADH-
cytochrome b5 reductase a l s o exhibi ted low prof i l e in ERS as 
compared with that of jVRS. Enzymatic pro f i l e s in some e a r l i e r 
generat ions , had a l so indicated a gradual increase with the 
advancement of r e s i s t a n c e in both the s t r a i n s . 3ased upon 
these r e s u l t s , post microsomal supernatants of So, ERS and 
j\ARS were intermixed with t h e i r microsomal p r e p a r a t i o n s in order 
to find out i t s impact on NADPH-cytochrome P450 r educ t a se 
a c t i v i t i e s in female (Table 17) and male (Table 13), It was 
evident that the addit ion of r e s i s t a n t supernatant to SS 
microsomes had increased the a c t i v i t y of NADPH-cytoc''roaie P45J 
reductase as compared with the a c t i v i t y a f t er a d d i t i o n of both 
the preparations of SS only. On the other hand, t h e a c t i v i t i e s 
in ERS and AiRS microsomes remained more or l e s s sa/iie a f t e r t h e 
addition of SS supernatant. Additions of supcrnat n t s from 
ERS and r/RS had some a d d i t i v e e f f ec t on microsomal NADi-M-
cytochrome P45J r e d u c t a s e . I'vlRS supe rna tan t had shown r e l a t i v e l y 
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more addi t ive effect on enzyme a c t i v i t i e s . Similar observations 
made on the male t h i s have been given in Table 13. The r e su l t s 
c lear ly indicated tha t the r e s i s t an t supernatants had some 
factors to enhance the a c t i v i t y of NADi'H-cytochrome P450 
reductase and the same was lacking in SS. Act ivi ty prof i les 
of aryl 4-hydroxylase have been given in Table 19. Unlike 
above enzymes, male had more a c t i v i t y than the female in 5S. 
Resistant f l i e s showed increased a c t i v i t i e s over t h e i r 3S 
counterparts . Although females had more a c t i v i t i e s in r e s i s t an t 
s t r a i n s , MRS female regis tered highest . On the contrary, ERS 
male had more ac t iv i ty than tARS male. Aniline-demethyiase 
a c t i v i t i e s have been given in Table 20, Like hydroxylase,male 
had more a c t i v i t y in SS. In contras t to hydroxylase, ac t iv i ty 
profi les of demethylase in both the sexes were more in f;lRS 
as compared with ERS. 
Enzymatic Prof i les of Phase I I ; Prof i les of g lu ta th ione s-
t ransferase in both the r e s i s t an t s t r a ins a t F ,^-, have been given 
in Table 21 . Male had r e l a t i v e l y lower a c t i v i t y than the female. 
Although the r e s i s t an t s t r a ins reg i s te red enhanced a c t i v i t i e s , 
iVlRS had more (about 2-fold) as compared with ERS. Like most 
of the enzymes (Phase I j , ERS had r e l a t i v e l y less increase 
in enzyme a c t i v i t y . Activi ty prof i les of g luta thione reductase 
have been shown in Table 22. The female had more j c t i v i t y t'lan 
the male. Resistant f l i e s maintained more or less equal 
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activities as that of the susceptible, Uniike above enzymes, 
male had more activity of glutathione peroxidase than the 
female {Table 23). Pattern of glutathione peroxidase in 
different strains appeared interesting in a way that ;/,fiS showed 
decreased activities in both the sexes and EliS increased. 
Pattern of sulfhydryl contents in resistant flies; Total SH 
groups in larval,pupal and adult (male) in whole homogenate 
are shown in Fig. 26. It was evident that the SH contents 
gradually increased with the generations under insecticidal 
selection. Larva registered more increase followed by adult 
and pupa. However, /v'lRS exhibited more increases at aii the 
developmental stages than the ERS. At Fc^t total 3H, non-
protein SH, GSH (reduced glutathione) and GSSG (oxidised 
glutathione) at different developmental stages,ages and sexes 
were also determined. These contents in larval and pupal 
stages have been shown in Table 24. Except GSSG, all the 
contents increased in resistant strains and relatively more 
in iMRS at larval and pupal stages. However, maximum elevation 
was noticed in larva. GSSG, on the other hand exhibited a 
decreasing trend in resistant larvae. Contents of different 
forms of SH in adults have been shown in Table 25. All the 
contents though increased in both the sexes of ERS and nMlS, 
female registered prominence over male. 
f l 
Prof i les of Dehydrogenases in Resistant S t r a i n s ; Glucose-6-
phosphate dehydrogenase (G-6-PDh) and 6-phosphogiuconate 
dehydrogenase (6-P-GDh) a c t i v i t i e s invest igated in both the 
sexes of ERS and ;v\RS have been shown in Tables 26 and 27 
respect ive ly . Act ivi ty of G-6-PDh in male was l ess than the 
female. Although both the sexes exhibited higher ac t iv i ty of 
G-6-PDh in r e s i s t a n t s t r a i n s , males reg is te red more a c t i v i t i e s 
than the females of respect ive s t r a i n s . However, t h i s pat tern 
of increase in res i s t ance was more profound in /vlRS than ERS. 
The a c t i v i t i e s of 6-P-GDh in r e s i s t a n t s t r a in s (Table 27) were 
also increased but to a l esse r extent as compared with tha t of 
G-6-PDh. Among r e s i s t a n t a d u l t s , male reg is te red l ess increase 
in ERS and more in :»/lRS when compared with i t s counterpart 
r e s i s t an t females. 
Microsomal degradation of insec t i c ides by r e s i s t an t s t r a i n s : 
In v i t ro incubation of insec t ic ides with microsomai 
systems was a lso done to determine the metabolic a b i l i t i e s of 
s t r a i n s against which the res i s tance had developed. Amount of 
insec t i c ide estimated 3 hours a f te r incubation was suostrated 
from the amount used to know the amount degraded (amount 
disappeared). The data of endosulfan with ERS thus obtained 
have been shown in Table 28. I t was evident that the LRs 
metabolised more endosulfan than SS. I t was also cippdri-nt 
that the r a t e s of metabolism of <<-and ;3-isomers in ERS remained 
more or less equal. Data on in v i t ro fate of malathion in 
m 
microsomal system have been given in Table 29. Like HRS, there 
was enhanced degradation of maiathion by tARS as compared with 
SS. 
DISCUSSION 
Cytochrome P450-linked monooxygenase reactions have been 
generally categorised as phase I drug metabolising enzymes 
(Williams, 1959). During these reactions, polar groups are 
introduced into the molecules of xenobiotics to make them 
suitable for phase II reactions. The latter are also commonly 
known as conjugation reactions which facilitates the conjugation 
of phase I metabolites with some endogenous molecules making 
them polar which are readily excretable. Phase I system (mfo) 
has been acknowledged as a multienzyme system which can 
metabolise insecticide molecules of any nature. Significance 
of this vital system has been felt relatively late in insect 
pests and vectors (Casida, 1970; Yang et_ al_., 1971). A number 
of excellent reviews on the system in insects are available 
(Agosin, 1976; Wilkinson, 1983; P-lodgson and Kulkarni, 1933). 
Present investigation had revealed that the representative 
enzymes of phase I increased in strains resistant to endosulfan 
and maiathion. Relatively, more increase of enzymatic profiles 
in the latter also indicated its increased implication in i.iRS 
than HRS. It is also noteworthy that generally males registered 
less enhancement as compared with female. As observed (Chapter I) 
0 
jVlRS among r e s i s t an t s t r a in s and femaie among sexes had r e l a t i ve ly 
more degrees of r e s i s t a n c e . Present data on mfo indicated a 
cor re ia t ionship with the degree of res i s tance as reported in 
few e a r l i e r instances (Plapp, 1970; Agosin and Perry, 1974). 
The present inves t iga t ion on res i s tance to endosulfan is the 
f i r s t of i t s kind. There are enough indicat ions of t he involve-
ment of cytochrome P450, NADPH-cytochrome P450 reductase, 
hydroxylase, demethylase and NADH-cytochrome b5 reductase in 
res i s tance t o endosulfan and malathion as reported in other 
cases of res i s tance (Khan and Matsumura, 1972; YU and Ter r i e re , 
Thongsinthusak and 
i973; /Krieger , 1974; Gil et^  ai_., 1974; Brat ts ten and Wilkinson, 
1973, 1975, 1977). Role of NADH-cytochrome 55 reductase in the 
phase I raDained debatic in the l i t e r a t u r e , the present study 
indicated i t s ac t ive involvement ( d i r e c t / i n d i r e c t ) in the 
res i s tance mechanism. Since microsomal system has a link with 
tha t of cy toso l i c , attempts were a l so made to throw some l igh t 
on the l a t t e r . I t is suggested tha t the cytosolic fract ions in 
r e s i s t a n t s t r a ins had some fac to r ( s ) capable of inducing 
NADPH-cytochrome P450 reductase which was in proportionate 
with the enzyme a c t i v i t i e s in respect ive s t r a i n . 
Phase I I reactions (conjugation), as mentioned above, 
combine endogenous conjugating enzymes with phase I metaboli tes 
and protect other nucleophil ic centres such as proteins and 
nucleic ac ids . Like phase I , phase I I is also represented by 
a number of enzyme systems and i t was oeyond the scope of present 
0 
inves t iga t ion to study a l l of the systems. Important among 
the l a t t e r is the group of enzymes catalysing the conjugation 
of glutathione (GSH) with the phase I metabolites which has 
been referred as gluta thione t ransferases (Arias and Jakoby, 
1976). Boyland and Chasseaud (1969) have described some of the 
common react ions of t r ans f e r a se s . A number of insect species 
have been known to possess these enzymes (Clark e_t a_l. . 1967; 
iViotoyama and Dauterman, 1980; Chang et_ al_. , 1981). Involvement 
of glutathione t ransferases in the metabolism of organophosphates 
have been well documented (Whitehead, 1961; Saleh et^  a_l_. , 1978; 
S ta r ra t and Bond, 1931). However, i t s implication in that of 
endosulfan was not known. The observations made in the present 
study indicated increased prof i le of g luta thione S-transferase 
(GST) in both the r e s i s t a n t s t r a i n s but r e l a t i v e l y more in /vTRS. 
In t e re s t ing ly , the enzymatic prof i le had shown a cor re la t ionship 
with the degree of r e s i s t ance to e i the r of the pes t i c ides . A 
comparision of the mfo with GST disclosed a fact tha t both run 
para l le l in res i s tance which received support from novel study 
of Dauterman and Hodgson (1976). GSH is an important component 
in a number of enzyme react ions e i ther as a subs t ra te or as a 
co-enzyme. High GSH re su l t in increased protect ion through GST 
and t h e i r prof i les are reported to be d i r ec t ly associated 
(Motoyama and Dauterman, 1975). In t h i s context i t was pert inent 
to determine sulfhydryl contents in the form of GSH, t o t a l 5H, 
Ni'SH, and GSSG. Increased sulfhydryl contents in r e s i s t an t 
s t r a ins indicated t h e i r implication in res i s tance as noted in 
few instances (Saleh et_ a l . , i978; S ta r ra t and Bond, i 9 3 i ) . 
Although the above SH forms generally increased, but further 
accelerat ion in GSH prof i le was indica t ive of i t s prominent 
involvanent in the de toxi f ica t ion system. GoSG which 
approximately regis tered one-tentn of G3H was also increased 
except at l a rva l s tage . Prof i le of G5H-peroxidase (GSH-Px) 
was s l i g h t l y increased in ERS but decreased in Mlij. This 
enzyme is known to detoxify H20p u t i l i s i n g G3H into GJoG. The 
content of the l a t t e r increased more in /v'lRS which had regis tered 
s l i gn t ly lower GSH-Px. The exact reason was not c lear v.hicn 
would probably be the subject of future inves t iga t ion . 
Glutathione reductase (GSH-Red) appeared to be s l i g h t l y 
increased in r e s i s t a n t s t r a i n . The enzyme is known to convert 
GSSG into GSH. The data indicated tha t GSH pool received supply 
from GSSG-GSH-Red, which might be in response of increased 
demand of GSH under the influence of r e s i s t a n c e . Increased 
prof i les of dehydrogenases {G-6-PDh and 6-P-GDh) in ooth the 
s t r a in s indicated the pos s ib i l i t y of ATP u t i l i s a t i o n produced 
through pentose phosphate cycle involving dehydrogenases. 
Although few observations in organochlorine res is tance existed 
(Plapp, 1970; Pa t i l et_ al_. , 1980), the present finding in the 
malathion res i s tance would be a new addit ion to t h i s dspect. 
In view of the above observations on the increased 
detoxif ica t ion systems, i t was of i n t e re s t to deterriiine the 
ftf 
in v i t ro r a t e of de toxi f ica t ion in r e s i s t a n t s t r a i n s . I t is 
noteworthy tha t HRS and /^ /IRS in comparison with SS had high ra te 
of de toxi f ica t ion of endosulfan and maiathion re spec t ive ly . 
The present inves t iga t ion , in shor t , indicated tha t the 
enhanced de toxi f ica t ion systems were a lso important mechanisms 
of res i s tance to endosulfan and maiathion. 
70 
Table ^'^• 
Cytochrome P-'f50 content in microsomal preparation of male and 
Female (F^^) 
Sex SS ERS . MRS 
3. b 
Content Content % increase Content- % increase 
Male 125.6±9.2 189.6+16.8 51 229.^±17.6 83 
Female 138.8+ii.l 231.3±i9.3 69 258.'+±20.8 86 
a -1 
Expressed asnmoiesmg protein are mean ± SEM for 'f observations 
Over corresponding values of SS. 
rt 
Table 13 
NADPH cytochrome P-k50 reductase activity in microsomes of 
male and female (F,^) 
Sex SS ERS . MRS 
Activity Activity % increase Activity % increase 
Male 7.72±0.'f8 13.76±1.01 78 21.71±1.90 181 
Female 10.55±0.61 21.81 + 1.31 107 36.02+2.30 2^ 11 
a - 1 - 1 2 
Expressed asn'™>'«jNADPH oxid. min mg protein (x 10 ) are means ± SEM 
for 4 observations. 
Over corresponding values of SS 
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Table 16 
NADH cytochrome b^ reductase activity in microsomes of male and 
female (F,„) 
bU 
Sex SS ERS ^ MRS 
Activity Activity % increase Activity % increase 
Male 17.07±1.51 52.^1±3.82 208 79.39+6.32 365 
Female 18.53+1.68 60.331^^.77 225 81.07±6.59 337 
_ _ _ _ 
Expressed asnmo'esjNADH oxid. min mg protein (x 10 ) are means ± SEM 
for k observations 
b Over corresponding values of SS 
- Q 
U 
Z3 
X) 
iJ 
I 
u 
I 
E 
o 
JZ 
u 
o 
u 
X ' ^ 
a, ^ Q tu 
< " " 
o t 
+-' 
> o 
s ^ 
(D O 
C U 
c 
o 
X ) 
0) 
u 
c 
o 
(J ^ ^ 
LO 1/1 
so; 
a, 2 
+ 
o .~. t /1 CO 
2 (^  
+ 
J O —V 
i n i / i 
^Pl Q-y 
+ 
u 
1/1 __^ 
5 yi 
cuy^ 
+ 
Z3 
LO 
_: -->. S /^^  
o , ^ 
+ 
t \ 
o 
—H 
+1 
ON 
(N 
— i 
C N 
o 
+1 
00 
CN 
>-H 
—y 
( N 
-^ 
_^  
+1 
v f 
ch 
fN 
"^ 
O 
, . H 
• 
+1 
r^  
• * 
. - H 
' ' 
f N 
ON 
O 
+1 
OO 
O 
—^  
"^  
ON 
o 
+1 
ON 
^ 
o 
— < 
l ^ 
l ^ 
—H 
+1 
rM 
ch (N| 
r^ 
CNJ 
+1 
l ^ 
ND 
(Nl 
fN>l 
ON 
0 0 
—H 
+1 
ITS 
r^  
f^ 
CN 
h^ 
t ^ 
+1 
( N 
r^  
CM 
CM 
— 4 
CN 
+1 
NO 
ON 
rsi 
rsi 
o 
<N 
+1 
( N 
O 
CM 
rNj 
r<^ 
ON 
( N 
+1 
r^ 
l \ 
r'N 
00 
CNJ 
+1 
.'/> 
<h 
VO 
ro 
rN/ 
r^ 
+1 
ON 
t ^ 
t \ 
(^  
ON 
"^  
• CM 
+1 
or\ 
— - < 
r^  
t*N 
h -
00 
(NJ 
+1 
ON 
v£) 
NO 
ro 
rv. 
00 
fN) 
+1 
OO 
ro 
NO 
ro 
7J 
CO 
>< 
> 
u 
< 
1/5 
E 
o 
to 
O 
u 
00 
o 
—H 
+1 
(Nl 
lOi 
o 
* M 
(Nl 
1 ^ 
—H 
+ 1 
o ON 
.—1 
(N 
NO 
NO 
(NJ 
+1 
l/^ 
_^  
NO 
ro 
(Ti 
LO 
CO 
QC 
LU 
a: 
c 
o 
(tl 
> 
i) 
X ! 
o 
c 
'a; 
0 0 
e 
Q 
X 
a 
< 
z 
E 
(/) 
td 
X ) 
(U 
OJ 
1 -
CL. 
X 
tu 
n3 
ac txo 
£ E 
o 
NO o 
£ E 
n3 
£ 
o 
u *-• 
£ § 
4^ (U 
(/) 1 -
o <u 
"O ui 
c c 
I/) +-• 
11 O 
£ Q. o 
on CO 
S2 
td 
Uii 
CO 
-H 
( N 
O 
X 
2r+= 
"S ^ 
> <u 
•- u in c 
^ O 
U <-> 
V ^ 
c ^ 
1/1 U 
(U O 
a . Qj 
(U (U 
JD x : 
t in 
D en 
to 
»- x: 
a . +-' 
in '*-> 
nJ O 
u 
n3 
0) 
£ 
N 
C 
> . O O 
t! > 
o 
u 
£Si 
N C 
(— 0) 
u a. 
I a 
JD to 
X ) 
a; 
71 
c 
to 
nj 
-t-" 
u 
:3 
"D 
0) 
1 
U 
1 
E 
o 
u 
o 
• ! - > 
u 
X '~c:> 
< a; 
O ^ 
<U ^ H-l 
^ ^ rO O 
1/1 
(U O 
c E 
o 
m 
O 
c 
o 
•M 
X I 
X I 
o 
u 
c (U 
4-H 
c 
+ ^^ 
a. •^ 
to to 
+ 
i / l CO 
Soi 
D- UJ 
+ —^' 
u 
o , ^ 
+ 
X I 
•4-> 
'> 
+-' 
u 
< 
I /) 
E 
o 
o 
u 
d 
+1 
00 
d 
+1 
00 
d 
+1 
00 
(N 
d 
+1 
00 
r^  
o^  
r^ 
d +1 
o 
fsl 
00 
d 
+1 
r^  
d 
+i 
o 
r^  
CO 
CO 
ro 
ro 
+1 
M3 
t ^ 
r^  
+1 
o 
CNI 
2i 
+1 
o 
00 
d 
+1 
o 
~1 
~~* +1 
v£) 
ON 
+1 
00 
00 
rr\ 
(N 
+1 
ON 
ro 
IXJ 
+1 
5l 
+1 
-a-
( N 
+1 
00 
rsi 
•a-
CM 
_^  
+1 
oj ( N 
ON 
r^  
' +1 
"^  
"^  
CN 
( N 
VO 
o 
00 
(Nl 
ON 
CN 
to 
. 
c 
o 
+-• 
> 
X I 
o 
o 
LU 
LO 
+1 
I/) 
C 
01 
E 
(U 
C<P 
o 
X 
"~^  c 
'5 
o 
CL 
or) 
E 
1 
c 
'E 
x 
o 
X 
CL 
Q 
< 
Z 
1 E 
n3 00 
l A 
"S s 
10 —1 
2i E 
X ~ ; 
UJ O 
(0 jQ 
1 
+-> 
(/5 
o on 
XI a, 
c 
in 
£ o 
O • - ; 
o 2 
c <u 
•=: x: 
+-» 
>> 
—' "^  !>^ 
> 1 - — , 
. - o > 
10 4-1 - - I 
D O ; * - ' 
U (U IT) 
X X 
•I-' t 
C . >^ 
0) (U N 
to c C (U t a; 
Q. to '^ -( 
, o lU <U 
X X C 
•^ . 2 2 t:! 5 O 03 
5 > (fl 
^ o u 
(U X I ^ 
> •M O 
^ <-> F 4 -
00 ft) ^ O 
^ E ^ 0^  
t< ^ 2 ^ 
—, o ^ C (U to C 
U JD t CL 
75 
Table 19 
Aryl 't-Hydroxylase activity in microsomal preparation of male unci 
female (F,„) 
Sex SS ^ ERS ^ MRS 
Activity Activity % increase Activity % increase 
Male 125.1±10.8 209.5±17.2 67 171.7±15.1 37 
Female 112.5±9.6 235.3+19.8 109 300.9±23.5 168 
Expressed asft'"o'csp-amino phenol formed h mg protein" are means 
SEM for li- observations. 
Over corresponding values of SS 
n 
Table 20 
Anil ine demethylase act iv i ty in microsomal preparation of male and 
female (F^^^) 
Sex SS ERS MRS 
Ac t i v i t y Ac t i v i t y % increase Ac t i v i t y % iruTcasc 
Male 3.74+0.15 6.71±0.23 79 6.98±0.'t0 86 
Female 3.66±0.09 8.07 + 0.32 120 10.58±0.71 189 
a -1 -1 
Expressed asnm./e,HCHO formed h mg protein are means + SEM for k 
observations. 
Over corresponding values of SS 
n 
Table 21 
Glutathione-S-transferase activity in male and female (F,„) 
6U 
Sex SS ^ ERS ^ MRS 
Activity Activity % increase Activity % increase 
Male 10't.l6±8.66 290.13±21.50 179 f60.'f7±'tl.60 3^2 
Female 11^.79±9.05 35^.U±23.38 209 518.95±39.87 352 
a - 1 - 1 
Expressed asyt/mo/fxCDNB conj. min mg protein are means + SEM for 
'f observations 
b Over corresponding values of SS 
in 
Table 22 
Glutathione reductase activity in male and female i^f^r) 
Sex SS ERS MRS 
Male • 2.68±0.12 3.77 + 0.18 3.60i0.19 
Female 3.51±0.09 3.34±0.2i 3.36+0.17 
Values expressed as>imo/«NADPH oxid. min mg protein" are mean + SEM 
for 4 observations. 
73 
Table 23 
Glutathione peroxidase activity in male and female (F,„) 
Sex SS ERS MRS 
Male [O.US±0.9l 12.^1 + 1.01 7.85±0.63 
Female 10.05+0.78 10.67 + 0.88 6.^ ^9 + 0.^ 9^ 
Values expressed asnni«(<-sNADPH oxid. min mg protein are means + SEM 
for ^ observations. 
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Table 26 
GJucose-6-phosphate dehydrogenase activity in male and female (F.^^ 
Sex SS ERS . MRS 
Activity Activity % increase Activity % increase 
Male 180.1±16.3 if7't.if±35.6 163 575.6±^0.9 219 
Female 265.3±21.8 603.0+43.7 127 660.8 + 51.7 149 
a - 1 - 1 
Expressed asi'i-x/'^NADP red. min mg protein are means + SEM for 4 
observations. 
b Over corresponding values of SS 
n 
Table 27 
6-Phosphogluconic dehydrogenase activity in male and female (F,„) 
Sex SS ERS , Ml^S 
3. D 
Activity Activity % increase Activity % increase 
Male 2^*7.6120.5 315.2±25.5 27 'f69.5±'f2.6 90 
Female 250.8±22.0 326.^*129.6 30 'fl3.3±39.2 6!) 
a -1 -1 
Expressed as'i'^ViNADP red. min mg protein are means i SUM tor k 
observations. 
Over corresponding values of SS 
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Table 29 
In vitro fate of malathion using microsomes in female (F,(-,) 
Strain Amount added Amount left Amount dis-
30 sec. 3 h appeared 
3 h 
SS 33 21.^6 15.51 [7A9 
±1.50 ±1.02 ±1.25 
MRS 33 22.29 7.5ii 25A5 
±1.61 ±0.80 ±2.08 
Figures expressed as ;jg malathion are means ± SEM for 3 observations. 
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CHAPTER V 
INFLU£^jCH OF RESISTANCE TO ENDOSULFAN AND /vlALATHlON ON PHYSIOLOGY 
OF EXCRETION 
86 
Malpighian tubule and hind gut are known to be the main 
excretory organs in insect and the structure of these organs in 
housefly has been studied (Sohai et ai., 1974; Sohal et_ al. , 
1976; Sohal and Lamb, 1977). The major physiological function 
of iVialpighian tubules is the production of filtrate of haemolyrr.ph, 
the primary urine. The latter serves as a vehicle for excretory 
wastes and toxic compounds down the tubule (Bradley, 1935). 
Hind gut plays role in final modification of the urine and 
to retrieve needed compounds from the urine (Phillips, 1970; 
Ramsay, 1971; Maddrell, 1971; Wall et_ al_., 1975; Phillips, 1981) 
The exact physiological and biochemical mechanisms associated 
with the excretory organs are yet to be established and the 
main reason for it is perhaps, the difficulty in obtaining the 
tissue in intact and sufficient quantity for biochemical work 
(Bradley, 1985). Since innumerable instances on enhanced 
xenobiotic metabolism in resistance existed, which might 
correspondingly influence the physiology of excretion to 
eliminate the metabolic products at enhanced rate. Data 
obtained in the present investigation indicate enhanced 
detoxification.and detoxification enzymes in resistant 
strains (Chapter IV). However, the literature remained scanty 
to produce concrete argument on the impact of resistance on 
the physiology of excretion. There have been evidences that 
the Malpighian tubules participate in transport of inorganic 
+ - + ,^  _ -ions, K , CI , Na , Br , I , UQ^ , etc. (Berridge, 19 69; 
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Ramsay, 1976; Gupta £t a j , . , 1976; Gee, 1976; Maddre l l , 1977; 
Williams and Seyenbach, 1981) . Role of t r a n s p o r t ATPases in 
r e g u l a t i o n of most of t h e s e ions has been g e n e r a l l y known but 
i t s exact r o l e in t h e exc re to ry organs i s yet t o be e l u c i d a t e d . 
There fore , an a t tempt was made t o study t h e a l t e r a t i o n s in t h e 
physiology of exc re t i on in r e s i s t a n t f l i e s , acknowledging 
t r a n s p o r t ATPases as t h e biochemical pa ramete r s . Data 
ob ta ined a r e i n t e r e s t i n g and appear t o be involved in 
phys io log i ca l r e s i s t a n c e . 
mTERlALS AND METHODS 
One week old adu l t f l i e s of 45th gene ra t i on were used 
and kept on a d i e t of \.0^ suc rose s o l u t i o n 24 hours p r i o r t o 
t h e i r s a c r i f i c e . F l i e s (50 nos . ) were d i s s e c t e d under cold 
cond i t ions t o t a k e out t h e i r d i g e s t i v e t r a c t s , .vialpighian 
tubu le s and t h e hind guts were s e p a r a t e d and cut i n to p ieces t o 
wash t h r i c e with d i s t i l l e d wa te r . Methods of homogonate 
p r e p a r a t i o n and assays of Na - K - and HCO^-ATPase a c t i v i t i e s 
were the same as d e t a i l e d in Chapter I I . Homoyenate was used 
as t h e source of enzyme a c t i v i t i e s . 
RESULTS 
+ + 
Na - K - and HC03-ATPases in exc re to ry organs of both 
t h e r e s i s t a n t f l i e s were i n v e s t i g a t e d . A c t i v i t y ^ r o i l i e s of 
88 
+ + 
Na - K -ATPase have been shown in Table 30. The specif ic 
a c t i v i t i e s in Malpighian tubules of SS were 6.34 and 8.30 in 
female and male respec t ive ly . The a c t i v i t i e s in female ERS and 
MRS Malpighian tubules were increased by 40;;*^  and 82.Ai respect ively, 
Males also regis tered increase by 32;^  and 58^ in ERS and NiRS 
+ + 
respec t ive ly . Although Na - K -ATPase a c t i v i t y in gut was low 
as compared with tha t of Malpighian tubu les , the increased 
ac t i v i t y was more profound in both the r e s i s t a n t s t r a i n s . In 
gut , female regis tered 84% and 152^ more of the sS a c t i v i t y in 
ERS and i\i'RS respect ively while the male 82;)^  and 78/^. 
Act ivi ty prof i les of HC03-ATPase have oeen depicted in 
Table 31 . Act ivi ty of t h i s enzyme was generally more than the 
Na _ K -ATPase a c t i v i t y in both the t i s s u e s . HC03-ATPase 
a c t i v i t i e s in Malpighian tubules in SS were 3.39 and iO.94 in 
female and male respec t ive ly . Like Na - K -ATPase, a c t i v i t i e s 
of HCOZ-ATPase in r e s i s t an t f l i e s were also increased. 
Malphigian tubules in female reg is te red 38;^ and 8U,{i more of 
the SS a c t i v i t y in ERS and MRS respec t ive ly . Male exhibited 
a pattern s imilar to t h a t of female except tha t the a c t i v i t y 
remained more or l ess s imi lar in both the r e s i s t a n t s t r a i n s . 
HCOo-ATPase a c t i v i t y in S3 gut was about one-third of the 
ac t iv i ty found in Malpighian tubu les . Guts in the r e s i s t an t 
s t r a ins also possessed more a c t i v i t i e s as compared v.itli that 
89 
of SS. Female has 39^ and iOi:^ more of t h e SS a c t i v i t y in ERS 
and ivlRS r e s p e c t i v e l y while t h e male has 88,?^  and 61%, 
DISCUSSION 
+ + 
Although t h e presence of Na - K -ATPase in /vlalpighian 
t u b u l e s of some i n s e c t s have been repor t ed and i t s genera l ro i e 
in Na and K homeostas is was known (Peakock eit a_l., 1972, 1976; 
Anstee and B e l l , 1975; Komnick and Achenbach, 1979; Kapoor, 
1980) . HC03-ATPase has been recorded only in one s p e c i e s 
(Anstee and Fothpour , 1979) whi le i t s r o l e i s yet t o be 
e s t a b l i s h e d . 
The present s tudy demonst ra tes t h a t both t h e enzymes 
p resen t in Malpighian t u b u l e and hind gu t , though t h e former 
showed high a c t i v i t y than t h e l a t t e r , sugges t ing thereby t h e 
h igher energy demand of Malpighian t u b u l e s than t h e g u t . 
Consequently t r a n s p o r t or r e a b s o r p t i o n of Na and K opera ted 
through Na -K -ATPase must be very a c t i v e in Malpighian t u b u l e s 
than in t h e hind g u t . The study f u r t h e r r evea led t h a t female 
had high enzyme a c t i v i t i e s than her male c o u n t e r p a r t . I t i s 
l i k e l y t h a t females were m e t a b o l i c a l l y more a c t i v e , hence 
r equ i r ed more energy for t r a n s p o r t mechanisms. I n t e r e s t i n g l y , 
both t h e r e s i s t a n t s t r a i n s had high ATPase a c t i v i t i e s when 
compared with t h e s u s c e p t i b l e s t r a i n . I t i s l i k e l y t h a t in 
the r e s i s t a n t s t r a i n s , t h e p e s t i c i d e s while exe r t ing cons tan t 
90 
pressure at the site of absorption, transport and excretion are 
metabolised, conjugated with the endogenous substances and 
finally excreted. It is likely that these processes were 
carried out in close association with transports of Na* and K* 
ions. Although implication of Na - K -ATPase was evident, 
the role of HCoZ'ATPase had become apparent for the first time, 
o 
Noteworthy is the fact tha t the a c t i v i t y of HCO~-ATPase in 
both the organs were more than Na - K -ATPase. since the 
ro le of t h i s enzyme had not yet been es tab l i shed , i t i s very 
d i f f i c u l t to throw any l igh t on i t s impact on r e s i s t ance . The 
avai lable evidence suggested i t s s ign i f ican t contr ibut ion 
during d i spos i t ion of pes t ic ides in the r e s i s t a n t s t r a i n s . 
Acute t ox i c i t y of chlorinated pes t ic ides had been 
consis tent ly shown to inh ib i t ATPase a c t i v i t i e s (Koch, 1969; 
Pa t i l et_ ai_., 1980). Increased .-xTPase a c t i v i t i e s in the ERS, 
therefore , appeared noteworthy. Simi lar ly , acute tox ic i ty of 
phosphate pest ic ides had been shown to cause the inh ib i t ion of 
AChE a c t i v i t y . The increased ATPase a c t i v i t i e s in ..ao, therefore 
was s t r i k i n g . Also su rp r i s ing ly , the ivlRS had comparatively 
high ATPase a c t i v i t i e s than the ERS. The reasons for th i s 
had not been c lea r , but i t might be re la ted to fas te r ra te of 
metabolism and d ispos i t ion of malathion than endosuifan. The 
present data (Chapter IV) c lear ly showed hiyhor in(^uction of 
most of the phase I and phase I I enzymes in •vUio than L;RS. 
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A similar case appeared true in ATPases from these strains. 
In brief it would thus appear that ATPase increase may 
be common phenomenon in resistant strains irrespective of nature 
of pesticides producing resistance. It may therefore, be a 
secondary response produced in order to accommodate the 
resistant insects to a changed situation following the 
disposition of pesticides/their metabolites. The need of 
search for newer biochemical parameters had been the important 
recommendations made in studies of resistance (Georghiou and 
Saito, 1983), and the study on ATPases should, therefore, be 
viewed against this background. 
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Table gO 
Na -K -ATPase activity in Malpighian tubules and Hind gut 
Sex SS ERS MRS 
Val. tub. Gut Mai. tub. Gut Mai. tub. Gut 
Female 6.8^±0.78 1.81±0.22 9.59±1,10 CtO) 3.33±0.26(8^) 12.'f2± 1.32 (82) 4.36±0.'f'f (152) 
Male 8.30±0.91 2.17±0.30 10.98± 1.52(32) 3.96±0.33(82) 13.09*0.96 (58) 3.86±0.38 (78) 
Activities expressed as/i/mo/csPi nng protein h are means ± SEM for 3 observations. 
Figures in parentheses indicate percent increases over SS values. 
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Table 31 
HCO~-ATPase ac t iv i ty in Maipighian tubuJes and Hind gut 
Sex SS ERS MRS 
Mai. tub. Gut Mai. tub. Gut Mai. tub. Gut 
Female 8.89±0.65 3.56±0.29 12.30±0.78 (38) ^.96±0.51(39) 15.98+1.38(80) 7.16+0.82(101) 
Male 10.9'f±0.86 3.32+0.20 l^f.^li 1.22(33) 6.26±0.39(88) 15.'t2±1.21('^l) 5.53 + 0.62(67) 
Act iv i t ies expressed asA/fr-otesPi mg protein h are means ± SEM for 3 observations. 
Figures in parentheses indicate percent increases over SS values. 
aiAPTER VI 
BEHAVIORAL RESISTANCE 
9i 
Behavioral resistance of an insect population is 
characterised by its olfactory ability to detect the presence 
of insecticide in its habitat. By vitrue of this ability 
insects could avoid the exporue to insecticides. A fev; 
cases of this kind of resistance in insects of medical, 
agricultural and storage importance have been recorded. 
Noteworthy among them include housefly resistance to rnalathion 
and DDT (Kilpatrick and Schoof, 1958); Anopheline mosquito to 
DDT (Gerold and Laarman, 1964; Brown, 1971); root fly to 
malathion and parathion (Hooper and Brown, 1965) and red flour 
beetle to organophosphates (Pinniger, 1974). 
An insect's sensory receptors are its basic instruments 
for interacting with the environment. Sense of smell in insects 
is generally performed by a pair of antennae located on the 
head. The housefly has been known to possess the chemosensory 
hairs on its antennae (Lieoerman, 1926). Many theories of 
olfactory transduction in animals have been profounded (Misra 
et al., 1968; Norris et al., 1970; Amoore, 1971; Sperber, 1973, 
1977; Koch and Gilliland, 1977; Villet, 1978; Lee, 1979). A 
recent review of the subject led to a conclusion that all the 
theories contains some of the truth, but none all of the truth 
(Mayer and Mankin, 1935). Extreme difficulties have oeen 
experienced in neurophysiological and biochemical studies on 
insect olfaction. Main difficulty in the biochemical studies 
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are the collection of tiny sensilla enough to prepare their 
macromolecules and membranes ^Mayer and Mankin, 1985)• These 
limitations are perhaps the main obstacles in the wide gap 
which existed in our knowledge on the biochemical mechanism 
underneath the insect olfactory behaviour. It is also pertinent 
to mention that the antennae in houseflies are tiny structures 
that might be the reason for relatively meagre information in 
this species. 
Jv'ATERIALS AND METHODS 
A simple olfactometer was designed in the laboratory. 
It consisted of a widemouthed glass test tube (diameter 5 cm, 
length 20 cm). Two-third portion of the tube was wrapped with 
a black paper leaving the closed end uncovered. The latter was 
to contain either pesticide or its solvent, as the case may be. 
Adult flies were released in the tube and the mouth covered 
with black muslin. This particular set-up provided a lighted 
and a dark portion under identical laboratory conditions. The 
uncovered portion of the tube was quoted with a film of 
pesticide internally. The flies were released after the 
films were completely dry. The area of the tube under light 
was the preferred site of attraction due to light and the 
portion wrapped with black paper could serve as the place of 
non-preference due to darkness. Since the preferred area 
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contained pesticides that might or might not be an area of 
choice and behavioural observations under the conditions were 
the criterion of bioassaying the behaviouristic resistance. 
2 
Malathion doses of O.i and 0.4 pg per cm and the endosulfan 
2 
of 0.2 and 0.4 jjg per cm were chosen as non-lethal doses 
and the flies were exposed to it for 1 hour. Fifteen number 
of adults (male and female) were released in the olfactometer 
and the total nuniaers of insects in the lighted area were 
recorded with intervals of 10 minutes for 1 hr. 
Assay of ATPase activities in antennae; After exposure (to 
pesticide/acetone) for one hour, the antennae of male flies 
+ + 2 + 
were quickly plucked out. Activities of ATPases (Na -K -Wg 
2 + (OIS and OS), HCO3 and Ca - stimulated) were assayed by the 
methods described in Chapter I. The concentrations of ingre-
dients in the reaction media in this case were adjusted in 
such a way that final volume after development of Pi colour 
remained 1 ml. Antennae of 25 males were utilised and the 
activities have been expressed as n moles Pi/mg protein/hr. 
RESULTS 
Behavioural response to films of endosulfan ond malathion 
with all the strains at F.Q was observed to elucidate the 
behavioural resistance in both the sexes. Response in female 
has been shown in Fig. 29. Numbers of flies/hr in the lighted 
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areas without pes t ic ides were 41 , 47 and 47 in 35, ERS and MRS 
respect ive ly . In the presence of highest dose of endosulfan, 
the numbers were 23, 6 and 22 in SS, ERS and //iRS respect ive ly . 
Data indicated tha t only ERS kept away from the endosulfan film, 
which was due to the behavioural res i s tance and a dose-dependent 
response was a lso evident. A s imi lar response in SS and MRS 
also indicated the absence of cross-behavioural r es i s t ance . 
Fig. 29 a lso shows the female response to malathion in a l l the 
s t r a i n s . F l ies observed in the l ighted area with highest dose 
of malathion numbered 29, 27 and 8 in SS, ERS and -VJ^S respec-
t i v e l y . Reduced v i s i t of MRS as compared with tha t of SS was 
indica t ive of behavioural r es i s tance in MRS. A dose-dependent 
response was a lso evident. I t was a lso noteworthy tha t SS and 
ERS behaved to malathion more or l ess in a s imi la r way. This 
could be due to the absence of cross-behavioural res i s tance in 
ERS. 
Behavioural response to endosulfan and malathion in male 
has been depicted in Fig. 30. Total v i s i t s observed with SS, 
ERS and JViRS in control were 47, 45 and 44 respect ively while 
in endosulfan film 25, 7 and 30. I t indica tes the presence of 
behavioural res i s tance in ERS and absence of cross-behavioural 
res i s tance to endosulfan in MRS. Behavioural res i s tance a lso 
appeared dose-dependent. On exposure t o malathion films (0.4) 
numbers of f l i e s observed were 30, 25 and 6 in SS, ERS and MRS 
98 
respectively. Reduced visits by MRS showed its behavioural 
resistance on one hand and a similar response in SS and HRS 
exhibited absence of cross-behavioural resistance in ERS on 
the other hand. Behavioural resistance in MRS also appeared 
dose-dependant. 
Behavioural studies with male were also undertaken at 
two different generations (F.y and ^c^2^ ^^^ ^^^ results are 
shown in Table 32. Again a similar pattern of behavioural 
resistance was observed as described above. 
ATPase activities in antennae; Na -K -ATPases activities have 
been summarised in Table 33. Activities in resistant strains 
were more than that of the susceptible which was comparatively 
more pronounced in ERS. Apparently there was no difference in 
enzyme activities in SS after exposure to both the pesticides. 
Activities of this enzyme registered significant increase in 
ERS and MRS when exposed to endosulfan and malathion respec-
tively. It was also evident that the activities remained more 
or less same in ERS and MRS when exposed to malathion and 
endosulfan respectively. In other words, Na - K -ATPase 
showed significant increase where behavioural resistance were 
observed. 
2 + 
Mg (OIS}-ATPase (Taole 35) in t h e case of behavioura l 
r e s i s t a n c e , exh ib i t ed a t r end s i m i l a r t o t h a t of Na -K -ATPase. 
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However, there was a slight increase in the activity when SS 
was exposed to malathion. 
2 + Mg (OS)-ATPase activities are given m Table 34. There 
were no appreciable alterations in the enzyme activities after 
exposure to endosulfan and malathion in all the strains. 
2 + 
Table 36 contains the activities of Ca -ATPase in male 
antennae after exposure to pesticide films. Basal activities 
of this enzyme in both the resistant strains were relatively 
more. Response of this enzyme after exposure tc pesticides 
2 + 
was comparable with t h a t of Mg (OS)-ATPase. 
Basal a c t i v i t i e s of HCO^-ATPase were in t h e order of S3> 
HRS > MRS (Table 37'). Exposure t o endosulfan caused i n h i b i t i o n 
of enzyme a c t i v i t i e s in SS. In o t h e r i n s t a n c e s , the a l t e r a t i o n s 
in enzyme a c t i v i t i e s were so minor t o mention. 
DISCUSSION 
Olfac tomete res for b ioassay ing a t t r a c t a n t s and r e p e l l e n t s 
in i n s e c t s have been developed for d i f f e r e n t spec i e s and t h e 
same o l fac tomete r s have a l s o been used for t e s t i n g behav ioura l 
r e s i s t a n c e ( D e t h i e r , 1947; Wood and Bushing, 1963; Wright, 1966; 
3ongers , 1970). Recently electrophysiolo>-j icai t echn ique was 
developed for b ioassay ing a t t r a c t a n t and r e p e l l e n t [ o t . j o t i d l s 
of chemicals ( S t a e d l e r , 1976, 1930, 1982). The iiiajor lacuna 
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with both the techniques was their inability to distinguish 
behavioural resistance from the chemical repelLency. The 
behaviour of the housefly was extensively studied to develop 
a simple technique to judge the behavioural resistance and the 
same worked out satisfactorily. The results clearly indicate 
that the resistance to both the insecticides were shared by 
the behavioural factors. It is noteworthy that neither ERS 
nor MRS showed cross-resistance to malathion and endosulfan 
respectively. The informations obtained in the present study 
had applied value in devising combat measures against resistance 
to these insecticides. Attempts were also made to unveil the 
biochemical mechanism underneath the behavioural resistance. 
As mentioned above there were many concepts and theories of 
olfaction in animals. It is apparent that such concepts have 
oeen rarely applied in insect olfaction, perhaps largely 
because of tiny organs of olfaction (Mayer and Mankin, 19 35). 
This state of knowledge prompted the present writer to under-
take some studies to unveil the biochemical mechanism under-
neath the behavioural resistance. It is beyond the comprehension 
of the present investigation to adopt all'the theories and 
concepts. A novel concept of Koch and Gilliland (1977) that 
+ + 
Na -K -ATPase plays role in dog olfaction was adopted in the 
present investigation. Interestingly, the observations indicated 
+ + . . 
the increased Na -K -ATPase activities in antennae ot the flies 
showing behavioural resistance. 
101 
2 + 
In the present investigation, other ATPase systems Mg 
2+ 2 + (OS)-, Mg (OIS)-, Ca - and HCO^ -stimulated, were also 
observed simultaneously. It was noteworthy that the response 
2+ + + 
of Mg (OIS)-ATPase was similar to that of Na -K -ATPase. 
However, the available evidences clearly suggest the invoive-
+ + 2-f 
ment of atleast two ATPases namely Na -K - and Mg (OIS)-ATPasei 
+ ••• 2 + 
These tend to show that besides Na -K -ATPase, Mg (OIS)-ATPase 
might be implicated in the sensing mechanism and noted for the 
+ + 
first time. Although Na -K -ATPase plays important role in 
+ + 2 + 
transport of Na and K , Mg (OIS) ATPase might be playing a 
supplementary role in the supply of energy in the process. 
31 
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Tabic 32 
Responses of males exposed to pesticide films 
102 
Exposure >jg/cm' SS ERS 
li? 52 if? 52 
MRS 
^7 
Figures expressed as number of fiies h are means ± SEM 
nd = Not determined 
52 
Pesticide 
Endosulfan 
Endosulfan 
Malathion 
Maiathion 
None. 
0.2 
O.ii 
O.l 
OA 
k7±^ 
35±6 
2^±^ 
36±6-
29±5 
^^913 
^^113 
30±3 
:^1^5 
35+^ 
45±5 
21±3 
7±^ 
WD 
30±tf 
51 ±6 
25_^5 
10±2 
37 i 5 
23t'+ 
'i6*7 
NH 
30*6 
/(p-ir. 
6±2 
53 .5 
5 ] f 6 
55±9 
20 i 5 
8.t2 
113 
Table 33 
+ 1^ + Na -K -ATPase act iv i ty in antennae af ter exposure to pesticide f i luis 
Exposure 
Pesticides 
None 
Endosulfan 
Endosulfan 
Malathion 
MaJathion 
pg/cm 
None 
0.2 
OA 
0.1 
OA 
SS 
119'f±115 
llif^±152 
12if3±189 
[I3k±32> 
1095±108 
ERS 
1896+176 
2126±190 
2356±155 
1839±135 
1935i210 
MRS 
1420±120 
1366t95 
1529.137 
2021t178 
2185^105 
Data expressed asnmofcrPi h mg protein are means ± SEM for three observations. 
Table 34 
Mg (OS)-ATPase activity in antennae after exposure to pesticide films 
101 
Exposure 
Pesticides 
Hone 
Endosulfan 
Endosulfan 
Malathion 
Malathion 
pg/cm 
None 
0.2 
0.4 
0.1 
QA 
SS 
1614+157 
1691+123 
1641+175 
1492+95 
1641+118 
ER5 
1206±88 
1206+78 
1551+.215 
1199±58 
1264i47 
MRS 
1875±180 
1967+145 
1744.117 
1639+92 
1693.64 
Data expressed asnmofesPi h" mg protein are means + SEM for three observations. 
Table 35 
2+ Mg (OIS)-ATPase activity in antennae after exposure to pesticide films 
105 
Exposure 
Pesticides 
None 
Endosuifan 
Endosuifan 
Malathion 
Maiathion 
jLig/cnn 
None 
0.2 
0.4 
0.1 
OA 
ss ERS MRS 
5124±341 4942+311 
5323±298 5402±300 
4995±178 5804±289 
5422±232 5172±180 
5522±288 5057±133 
4917±255 
4799±177 
4808±129 
5190±130 
6119+260 
Data expressed asn^^'^Pi h mg protein are means ± SEM for three observations. 
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Table 36 
2+ Ca -ATPase activity in aiitenvie. after exposure to pesticides 
Exposure 
Pesticide 
None 
Endosulfan 
Endosulfan 
Malathion 
Malathion 
>ig/cm 
None 
0.2 
OA 
0.1 
OA 
SS 
2338+145 
2537±282 
19'f0±i07 
2239±10i 
2228±92 
ERS 
2988+223 
3160+2^^1 
2930+237 
2843+155 
2873+201 
MRS 
2950+267 
2832±188 
3005+217 
2841+166 
2844*143 
Data expressed aSf.™''«Pi h ' mg protein" are means + SEM for three observations. 
Table 37 
HCO^ -ATPase activity in antennae after exposure to pesticide films 
107 
Exposure 
Pesticides pg/cm' 
SS ERS MRS 
None 
Endosulfan 
Endosulfan 
NAalathion 
Maiathion 
None 
0.2 
OA 
0.1 
OA 
2636±211 2873+223 
2238±171 2790±175 
2039±108 2750+162 
2587±138 2873+205 
2550+186 2815±188 
3005±280 
3005i210 
3059±170 
2895+98 
28^6+110 
Data expressed asr,m»;.«pi h mg protein' are means ± SEM for three observations. 
CHAPTER V I I 
rvDRmOLOGICAL RbSISTANCb TO ENDOSULFAN AND I\'ALATHION 
108 
Morphological resistance to insecticide is defined as 
an ability of insect pest and vector by which the rate of 
penetration of insecticide into insect is reduced. This type 
of resistance has received little attention as compared with 
other kinds of resistance (Matsumura, 1983). 
Insect is covered with cuticle which differs qualita-
tively at body regions and sides. However, detailed information 
in respect of penetration rate of insecticides to these regions 
and sides are yet to be clearly established. Because of these 
differences, inconsistent and varied results could oe found 
depending upon the exposure methods i.e. contc-!ct or topical 
(Plapp and Hoyer, 1968). On topical application, infiocticide 
comes first in contact with the outer layer of epicuticular 
wax which overlies more polar layers consistin.j lorgely of 
chitin and tanned protein. Oxygen supply to insect Cl-lS is 
through tracheal system, the walls of which are continuous 
with the external cuticle. It is an important route to CN3, 
other routes are penetration through the cuticle cind transport 
through the haemolymph. The mechanism of insecticidal pene-
tration through cuticle with all the pesticides hove not been 
studied. However, there are few demonstrations tlidt dieldrin 
and DDT enter the insect bodies largely by the icteral spreading 
and tracheal routes (Uuraishi and Abdul i^ atin, ivo.'; Lewis, 1962, 
1965; Gerolt, 1970, 1972}* Various lines of evidences also 
109 
indicate that the speed of penetration is not consistently 
related with the degree of sclerotization (Gerolt, 1969). 
There had been some instances of resistance where reduced 
penetration of insecticides was recorded (Plapp and Hoyer, 1971; 
Sawicki and Farnham, 1967; Oppenearth and IVeiling, 1976). 
Reduced penetration alone has not been considered significant 
(plapp and Hoyer, 1968). Morphological resistance in combina-
tion with biochemical resistance produces a degree of resis-
tance much beyond the level expected by a single mechanism of 
resistance (Georghiou, 1971). It is obvious because the 
reduced cuticular penetration provide opportunity to detoxifi-
cation systems to degrade the insecticide more comfortably. 
Thus a reduced penetration factor would be more significant 
in resistance to readily metabolised insecticides such as 
organophosphates (Matsumura and Brown, 1963; Benezet and 
Forgash, 1972). Against this baciground, it was thought 
interesting to investigate the morphological resistance too. 
Though the precise mechanism of the latter is not yet knov.n, 
increased sclerotisation, lipid and protein in the cuticle are 
reported in few cases. Such type of resistance could not be 
found necessarily in all the resistance cases reported so far 
(iV.atsumura and Hayashi, 1966, 1969). 
MATErilALS AND METHODS 
1. Insecticidal application: Female flies (1 week old) of Fcg 
no 
generation were used for t h i s i n v e s t i g a t i o n . I n s e c t i c i d e in 
i ;J1 acetone was applied on thorax region. Bndcsulfan and 
malathion were used against HFIS (100 nos. ) and f/Rs (50 nos. ) 
r e s p e c t i v e l y . The doses of endosulfan and iiialathion were 
0.2 pg and 0 .1 ;jg per f ly r e s p e c t i v e l y . iixposure per iod 
remained 3 hours for both the f l i e s . SS were a l s o s imi la r ly 
treated with these p e s t i c i d e s to serve as c o n t r o l . F l i e s were 
treated at an interval of two minutes and kept s e p a r a t e l y in 
t e s t tubes covered with muslin c lo th . 
2 . Estimation of i n s e c t i c i d e ; On completion of the exposure 
period f l i e s were careful ly washed with acetone and the l a t t e r 
were co l l e c t ed in separate p e t r i d i s h e s . Endosulfan and ;nala-
thion so lut ions obtained in petr id i shes were allowed to dry 
and p e s t i c i d e residues were carefu l ly taken in to hcxanG. 
Pes t i c ide concentrations in hexane were a p p r o p r i a t e l y adjus ted 
before t h e i r quant i f i cat ion by gas - l iqu id chromatograph (GLC). 
The operating condit ions of the GLC were as fo l lowed: 
GLC : 
Carrier gas 
Detector 
Gas pressure 
Column 
Column temp. 
Injector temp.. 
Detector temp. 
Varian Aerograph 
: Nitrogen (lOLAR) 
: ECD NI^^ 
; 65 p.s.i. 
: OV 17 QF 1 
130°c 
: 200°c 
. 220°C 
I l l 
Attenuation 
Chart speed 
Sample size 
-9 2 X iO ^ 
0 .5 cm/min. 
1 pi 
The chromatograms obta ined i n d i c a t e t h e r e t e n t i o n t ime 
of mala th ion of 12 min. whi le 15 min. and 28 min. of ^x: - and 
p -endosu l fan . 
The peak a reas of unknown samples were compared 
with t h a t of s t andards t o c a l c u l a t e t h e q u a n t i t i e s . Concen-
t r a t i o n of unknown samples were c a l c u l a t e d by t h e following 
formula: 
Peak area of sample X Vol.of sample X Standard quan t i ty i n j e c t e d 
Peak a rea of s t andard X Vol. of sample i n j e c t e d 
Area of peak was c a l c u l a t e d by mu l t i p ly ing t h e hei^jht t o half 
width of t h e peak. 
RESULTS 
Endosulfan obtained from EPA and used in this investi-
gation were run for one hour under the opereting conditions 
of GLC mentioned above. Two distinct peaks at 15 min. and 
28 min. were observed. The former was confirmed as ix:-endosul-
fan and the latter as /3-endosulfan. The composition of 
endosulfan with respect to oC- and ^-isomers were (ictected 
on this basis (Fig. 3i). The qnaitity of endosulfcn applied 
to 100 females was 20 pq which contained 13 jjg dad 2 pg of 
112 
oC - and j3-endosulfan r e s p e c t i v e l y (Table 3 3 ) . Three hours of 
exposure caused p e n e t r a t i o n oi oC- and /3-isomers amounting to 
14.4 pg and 1.28 pg in SS whi le 13.32 pg and 1.26 jjg in ERS 
r e s p e c t i v e l y . I t was thus obvious t h a t t h e r ^ t e of p e n e t r a t i o n 
of endosulfan got reduced in ERS as compared with i t s s u s c e p t i b l e 
c o u n t e r p a r t . I t was a l s o apparent t h a t t h e <?C-isomer pene-
t r a t e d f a s t e r (80;^) in SS and 73^ in ERS) than t h e /3-isomer of 
endosulfan (64% in SS and 63/o in ERS). The date on t h e 
p e n e t r a t i o n of mala th ion in MrtS and SS have been given in 
Table 39 , F ig . 32 shows t h e chromatograms of s tandard and 
samples. Quant i ty a p p l i e s t o 50 f l i e s amounted t o ij pg in each 
of t h e s t r a i n . Amounts of mala th ion p e n e t r a t e d i n t o S:.. and /v'RS 
were 2.416 pg (48.32;^) and 1.345 )jg (26.90/0) r e s p e c t i v e l y . 
The r a t e of p e n e t r a t i o n of mala th ion i n t o iviHS was thus reduced 
by over 11.% in t h r e e hours of t o p i c a l exposure . 
DISCUSSION 
Although morphological resistance i.e. reduced 
penetrdtion of insecticides alone has not been acknowledged 
as significant factor of resistance (Plapp and Hoyer, 1968). 
When it is compounded with the oiochemical resistance (i.e. 
reduced target sensitivity and enhanced detoxif ic^ition), 
degree of resistance become fortified to a <jreater extent. 
In the present investigation, reduced sensitivity nci enhanced 
113 
detoxification (Chapters II and III) were observed with interest. 
These observations necessitated the investigation of the morpho-
logical resistance which has received little attention. 
It was apparent that the rate of penetration of 
endosulfan was more (80^) than the malathion (48;^ ) in susceptible 
flies. On the contrary, the degree of morphological resistance 
to endosulfan i.e. rate of penetration was less than that of 
malathion. A negligiable difference in penetration rate of 
^-isomer of endosulfan to SS and HRS was noteworthy and 
indicated that the resistance was mainly against ex::-endosulfan. 
It is known that the c>C-isomer is relatively more toxic than 
^-isomer of endosulfan (Lindquist and Dahm, 1957). ivlorphoiogical 
resistance to endosulfan has been recorded in the present 
investigation for the first time, which appeared more 
interesting in the presence of biochemical mechanisms of 
resistance. 
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Table 39 
Penetration of malathion after topical application on 
thorax in female (F,„) 
Strain Quantity Quantity left Quantity 
applied 30sec. 3 h penetrated 
3 h 
SS 5 2.750 2.58^^ 2.^ ^16 
±OAOi ±0.098 ±0.037 
MRS 5 ±0.073 ±0.085 ±0.079 
Figures expressed as _yg malathion are means ± SEM for 3 observations. 
CHAPTER VIII 
BIOCHLMICAL COMPOSITION UNDER THh INFLUbNCE OF H L J I 3 T M I \ C £ 
IIB 
From the previous chapters, it oecame evident that the 
efficacy of the biological systems could be altered under the 
influence of resistance. It was,therefore, thought relevant 
to study the chemical composition of resistant flics, /.'oreover, 
the literature in this area continues to be scanty cmd 
scattered. Gross chemical composition of resistant flies 
have been determined to know the homeostatic efficiency. 
mTERIALS AND JV'£THODS 
Resistant strains at ?.„ and F^^ were utilised at their 
4o oU 
l a r v a l , pupal and adu l t s t a g e s . B iochemica l s used v.ere t h e 
product of Sigma Chemical C o . , U.S.A. A i l o t h e r re gent s of 
a n a l y t i c a l grade were t h e products of SISCO Labi o r ;,;erck. 
Endosulfan and malath ion of t e c h n i c a l grade were j i f t s from 
H , P . A . , U . S . A . 
Est imat ion of p r o t e i n s : I t was done by t h e method cf Lowry et^ aJ^  
( 1 9 5 1 ) . Bovine serum albumin was used as r e f e r e n c e s t a n d d r d . 
Determinat ion of Glycogen: Glycogen was determined by t h e 
method of P f l u g e r ( 1 9 6 5 ) . . The t i s s u e x ( 0 . 2 - 0 . 5 g) were d i s s o l v e d 
i n 6 mi of 30/o (w /v ) hot KOH. Glycogen was p r e c i p i t a t e d by 
a d d i t i o n of 7 ml of e thy l a l c o h o l and c e n t r i f u j e d . The 
sediments were washed with e t h y l a l c o h o l . p e d i m e n t s v.cre 
f i n a l l y d i s s o l v e d in b ml of water . o4i4i^ trtrttt:., .-r^ -t-, -r^ rrrHros/ 
d4GG0lvcd tFi s ftri Qi wcrter. Glycogen was h y d r o l y s e ; i w i th b Cil 
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of 2N-su l fu r i c acid in a b o i l i n g wate r bath fo r 2 h r s . Excess 
s u l f u r i c acid was n e u t r a l i z e d with 0.2 N sod. hydroxide , and 
g lucose con ten t s were es t imated by t h e method of .Nelson and 
Somogyi (1965) . Glucose was reduced by a l k a l i n e copper su lpha t e 
and t h e reduced product on r e a c t i o n with arsenomolyod<-.te gave 
green co lo r which was measured s p e c t r o p h o t o m e t r i c a i l y . 
Determinat ion of p h o s p h o l i p i d s : Phosphol ip ids were determined 
by t h e method desc r ibed by Henry (1966) by e s t ima t ing t h e I'i 
formed. E x t r a c t i o n and d i g e s t i o n were c a r r i e d out in a 
mix ture of chlorof o rmd ie thy l e the r (1 :2 v /v) and 3^J j [v/v) 
s u l f u r i c ac id r e s p e c t i v e l y . Pi was es t imated by t h e method 
of Tausky and Shorr (1953) . 
Es t imat ion of C h o l e s t e r o l : I t was done oy t h e method of Sperry 
and Webb (1950) . To O.i ml of d i l . homogenato were added 2 ml 
g l a c i a l a c e t i c ac id and 1.5 ml f e r r i c c h l o r i d e r e a g e n t . The 
purple co lour was read a t 560 nm on s p e c t r o n i c 21 s p e c t r o -
photometer. 
Determinat ion of isiucleic Ac ids : Nucleic ac ids vvert.- determined 
by t h e method of Schneider (1957) through a n a l y s i s of pen tose . 
Nucleic ac ids were p r e c i p i t a t e d from homogenate v,ith iO/o (w/v) 
t r i c h l o r i a c e t i c acid followed by e thy l a lcoho l and n.ixture of 
e thy l a lcohol d i e t h y l e t h e r ( 1 : 1 v / v ) . Nucioic rici-d:., t rorn t h e 
p r e c i p i t a t e were e x t r a c t e d with 10,b t r i ch io roc icGt ic dcid a t 
118 
90 C f o r 15 min . F o r RNA, a l i q u o t s of t h e e x t r a c t were r e a c t e d 
w i t h 2 mi of o r c i n o i r e a g e n t {LOO mi c o n e , HCi c o n t a i n i n g 1 g 
o r c i n o i and 0 . 5 g F e C l o ) . The m i x t u r e was i n c u b a t e d i n a b o i l i n g 
w a t e r ba th f o r 20 min . The g r e e n c o l o r was r e a d ^ t 660 nm on a 
s p e c t r o p h o t o m e t e r . For DNA, a l i q u o t s of t h e e x t r r c t s were 
r e a c t e d wi th d i p h e n y l a m i n e r e a g e n t and i n c u b a t e d in a b o i l i n g 
w a t e r b a t h f o r 10 min. The b l u i s h c o l o r was r e a d a t 650 nm 
on a s p e c t r o p h o t o m e t e r . 
14 I n c o r p o r a t i o n of C - g l y c i n e by m i c r o s o m e s ; ^^ f i x e d amount of 
mic rosomal p r o t e i n i n 1 ml were t a k e n i n c o m b i n a t i o n s of 
14 d i f f e r e n t f a c t o r s ( T a b l e 4 6 ) . C - g l y c i n e ( 1 , 7 0 , u J O c o u n t s } 
added and a l l owed i n c u b a t i o n f o r 20 min . Prote i , - i s v.'.r.:' 
p r e c i p i t a t e d w i t h t r i c h l o r o a c e t i c a c i d ( iU,o) . i r e c i i i t a t e s 
were washed t w i c e w i t h p h o s p h a t e b u f f e r ( 7 . 5 p:[, '> • [• . ; . 
Counts i n p r e c i p i t a t e s t a k e n i n t o B r a y ' s f l u i d wore ' ic t ' - rn i ined 
on LK3 s c i n t i l l a t i o n c o u n t e r . 
HtzSULTS 
C o n t e n t s of p r o t e i n , g l y c o g e n , p h o s p h o l i p i d s , c h o l e s t e r o l , 
Ri\iA and DPNIA were e s t i m a t e d a t F . g and F , ^ g e n e r a t i o n s . L a r v a l , 
pupa l and a d u l t s t a g e s of d i f f e r e n t ages were s e l e c t e d f o r 
e s t i m a t i o n s . 
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Protein content has been shown in Table 40. I t was 
evident tha t protein content increased from larval to adult 
s tage . Adult female had more protein than male. I t was 
noteworthy tha t protein concentration in r e s i s t a n t f l i e s 
increased. I t was also in te res t ing that MRS had generally 
more protein than ERS. 
Glycogen in developmental stages i* shown in Table 41. 
Glycogen concentration increased from la rva l to adult s tage . 
Although r e s i s t an t f l i e s reg is te red higher glycogen content , 
generally ERS had more glycogen than NRS. 
Cholesterol contents have been depicted in Table 42. 
I t was noted with i n t e r e s t tha t both the r e s i s t an t s t r a in s had 
increased concentration of choles terol as compared with suscep-
t i b l e . The increase from F^g to F^Q also indicated i t s gradual 
process a l l along the developmental course of r es i s t ance . I t 
was in te res t ing to observe tha t a l l the biological stages 
represented a s imilar pat tern of enhanced p ro f i l e . Although 
ERS and ftlRS both regis tered about 2-fold increased concentration 
over respect ive SS values, MRS had represented a l i t t l e more 
as compared with ERS. 
Table 43 contains the phospholipid ( p - l i p i d ) concentra-
t ion in developmental stages of a l l the s t r a i n s . Like other 
contents , p- l ip id also increased from larval to adult stage in 
SS. I t was observed that the p - l ip id content increased in 
both the r e s i s t an t s t r a i n s while MRS had generally higher 
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prof i le than tha t of ERS. I t was noteworthy that the increase 
in early stages of development ( larva and pupa) were 4-6 fold 
while 2-3 fold at the adult s tage. I t was a lso evident t h a t 
the increase in the p- l ip id prof i le advanced with the advancement 
of res i s tance . 
RNA contents in homogenate of developmental stages have 
been pooled in Table 44. The figures in mg RNA per g insect 
indicated increased prof i le in both the r e s i s t a n t s t r a i n s . FINA 
content was also estimated in the microsomal preparation of 
14 
males used in the study of C-glycine incorporat ion, pg RNA 
per microsomal mg protein were 57.22 + 6.29, 82.40 + 9.68 and 
91.63 + 10.97 in SS, ERS and iMRS respec t ive ly . 
DNA contents in the developmental stages are shown in 
Table 45. Data indicate an increasing trend ih DNA prof i les 
of r e s i s t an t s t r a ins at a l l the s tages . 
14 The incorporation of C-glycine by microsomal (male) in 
the presence of pes t ic ides wewf studied and the data are 
presented in Table 46. Incorporation in the presence of ATP, 
g lu ta th ione , NADPH, NADPH-generating system and addit ions of 
ATP and NADPH in to NADPH generating system were s tudied. 
Step 1 : A s l igh t ly high incorporation in iVlRS was recorded 
when compared with SS, v.hile the incorporation Wr'.s low in ERS. 
In SS, the pes t ic ides generally increased the incorporation . 
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Higher incorporation with malathion (154;^ ) when compared with 
endosulfan (35^). The incorporation in the presence of 
malathion was 70>o in ER3 and 37/^  in iMRS. Endosulfan had no 
prominent effect in both the resistant strains as compared 
with SS. 
^tep 2 : ATP stimulated the incorporation in SS {13,^}, and 
ERS (47,/^ ) while a little decreased incorporation was evident 
in iMRS. Both the pesticides stimulated incorporation (i6/g 
in endosulfan and 52;^  in malathion) in SS over their control 
values. The rise were of low magnitude when compared with the 
incorporation without ATP (Step I). In ERS, ATP stimulated 
47/i^  increased incorporation, while in the presence of pesti-
cides decreased incorporations were noted. In .vils, increased 
incorporations were noticed in presence of both the pesticides 
(67^ in endosulfan and 18;^  in malathion). 
Step 3; In SS, highest incorporation was noticed in the 
presence of GSH. Endosulfan and malathion had induced the 
incorporation by 73/i^  and i68/o respectively in SS. On the 
contrary, ERS registered a little incorporation (33/o) in the 
absence of pesticides only. In MFIS, no significant increase 
could be noticed with or without pesticides. 
Step 4; In presence of NADPH, about iO/o increased incorpora-
tion was noticed in SS which was raised to 46,j and 20;^  in 
presence of endosulfan and malathion. In ERS, there was no 
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increase in the incorporation. However, endosulfan and 
maiathion induced the incorporation by 14^ and AO/o respec-
tively in ERS. In MRS, there was significant decrease in the 
incorporation (ii2>^ ) which was contrary to LO/o increase in 
SS and no effect in ERS. But in the presence of endosulfan 
and maiathion, a significant increase by 159^ ^ and 74/y 
respectively was noticed in ^ ^S. 
Step 5; Although a small increase {6%) was noticed in SS by 
the NADPH generating system, the increase was about 35% in 
ERS and no effect at all in MRS. Endosulfan and maiathion 
enhanced the incprporation by 28)!(i in SS while a small decrease 
was noticed in both the resistant flies. 
Step 6; Addition of ATP to NADPH-generating system registered 
21^ and 24,^  increase in SS and ERS respectively and no effect 
was noted in l/iRS. In the presence of endosulfan, incorporation 
remained unaltered in SS and decreased by 40^ and 21;^  in ERS 
and MRS respectively. The presence of maiathion, on the other 
hand, induced the incorporation by 151;^  in SS while 31;^ in 
ERS and a small decrease {ii/i) in MRS. 
Step 7; The addition of NADPH in step 5 system, increased the 
incorporation by 21,^  in SS and ERS while 4i/o decreased in iV,H3 
was noted. In the presence of endosulfan, incorporation was 
increased oy 26;^  and 2U/o in SS and HRS respectively Ahile no 
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in MRS. 
effect was noticed/in the presence of malathion, there was no 
difference in SS, and a decrease of 32^ ^ in ER3 while an increase 
of 11% in MRS was noteworthy. 
DISCUSSION 
Profiles of various vital constituents in insects has 
been studied specially in relation with ageing, tx number of 
organic and inorganic matters has been studied (Marnisen, 1966; 
Rockstein, 1959; Sohal et_ aj^ . • 1911). Similar studies in 
relation with resistance were mostly limited with the enzymatic 
concentrations. The present study on these aspects revealed 
the increased profiles of enzymes (presented and discussed in 
other chapters). It was also noted that the resistant insects 
had prolonged life. The data obtained and presented in this 
chapter would bear significance in respect of resistance in 
particular and ageing in general. 
Protein concentration was increased in the resistant 
strains. Protein profiles in ddult females generciiy decreased 
during early age, but increased thereafter as observed in other 
insect species (Collatz and Hoeger, i93U). Males maintained 
more or less uniform protein content in adult stage which was 
supported by few other observations (Lang et_ a_l_. • 1965; 
Ijurkombe and Hoilingsworth, 1970; Blevins, i'/7.i; luu;, 1973). 
Increased concentration of this vital constituent in resistant 
flies had indicated their more viability and fitness. 
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One of the key stores of carbohydrate for energy meta-
bolism in insects is glycogen which serves as immediate source 
of energy (Rowan and Newsholme, 1979; Downer and Parker, 1979; 
Van Marrevick et_ £l.. , 1980). Increased concentration of 
glycogen in resistant strains might be interesting from the 
point of their metabolic vigour (Williams et al., 1943; 
Sharma and Sharma, 1980). Hoever, few instances existed in 
contrary to this contention warning for a careful conclusion 
(Collatz et al_. , 1980, 1931). 
Cholesterol, an important requirement in insects is 
generally not synthesised in insects but plays role in the 
growth and development (Clar and Bloch, 1959; Robins et al., 
I960; Kodicek and Levinoon, i960; Sedee, 1961; Clayton, 1,964; 
Chapman, 1975, Nagle, 1930). Esteroids and phospholipids also 
serve as a metabolic energy in insects. Phospholipid compo-
sition contributes to the biophysical properties of biological 
membranes (Chapman, 1975). Significance of phospholipids in 
preserving enzyme integrity and function has also been 
established (Foster and McWhorter, 1969). Enhanced profile 
of cholesterol and p-lipids were indicative of their increased 
metabolic fitness and vigor. Increased nucleic acid contents 
(RNA and Dti^ ) also indicate the enhanced synthetic ability 
under the influence of resistance. 
In view of these observations, study on the synthetic 
ability was also investigated. As described above, it is 
12a 
possible that new proteins are constantly synthesised in 
response to stress of pesticidal resistance. The ability of 
the organism to maintain efficient homeostatic mechanisms is 
its capacity to continuously synthesise proteins v;hich may be 
structural, hormonal, immunological or enzymic in nature. 
Webster and Webster (1979) reported in D. melanoqaster that 
14 the rate of incorporation of C-amino acids by aiicrosomes 
declined with age which was correlated with the protein 
synthesis. 
The present observations on C-glycme incorporation 
indicated tha t somehow the pes t ic ide increased the ra t e of 
incorporation in f l i e s . I t was noteworthy that the incorpora-
t ion was more in suscept ib le than the r e s i s t a n t s t r a i n s . 
Although no comparable data are ava i lab le , observation by Pa t i l 
et_ a^.. (1980) on increased dehydrogenase prof i le under the 
influence of organochlorine pes t ic ide tend to support the 
present observation. The study c lear ly indica te th.:t the 
microsomal p roper t i es /p ro te in synthesising machinery a l tered 
under the influence of r e s i s t ance . I t is l ike ly that protein 
synthesis in r e s i s t a n t f l i e s was already induced, so addit ion 
of pest ic ides in the microsomal system had l e s s induction in 
amino acid incorporat ion. This possible explcination was also 
supported from the data tha t the pes t ic ide ag-dnst vJiich 
res i s tance hod developed exerted l eas t effect as coinpared with 
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other pesticide. Generally above picture remained more or less 
same after addition of ATP, GSH, and NADPH in resistant strains. 
These factors generally increased the incorporation whereas the 
effect was less prominent or absence in resistant insects. 
Since these factors were found to be at higher profiles in 
resistant insects, addition, therefore hod least effect as 
compared with susceptible. Some interstrain differences were 
also noted as enumerated in the result. It is apparent that 
resistant species had altered protein synthesing mechanism which 
was studied under the influence of vital ligands. The present 
study helped in differentiating resistant strains from 
susceptible on one hand and tRS from MRS on the other in 
certain respects. 
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Table ^3 
Phospholipid content in developmental stages 
Stage/sex 
Larval 
Pupal 
Female 
Female 
Female 
Male 
Male 
Male 
Age 
(days) 
4 
2 
3 
8 
l'^ 
3 
8 
1^ 
SS ERS MRS 
F48 F60 F'fS F60 
i^.59±0A7 26.32±2.26 27.96±1.11 25.18±2.02 28.55±1.89 
^.16±l.'f0 12.96±0.99 16.52±2.15 13.36±1.08 17.50±2.20 
l6.'f7±0.59 33.Gi^±2A[ 35.69±2.01 37.96±2.37 38.88±2.'f'f 
I8.i7±1.7^ 'f3.57±2.96 ^5.20±1.67 27.09+2.20 36.76±3.22 
16.93±1.51 27.^^111.99 35.87±2.33 ^^8.93^3.^^1 ^9A^±2.60 
1^.80±1.22 31.43±2.'fO 3^^.6612.54 ^^0.6713.10 ;fif.68±2.80 
25.95±2.07 36.70±2.97 37.90±1.88 28.9«f±2.18 39.67±3.80 
19.68+1.65 35.75+1.96 37.05±2.12 53.13+4.^12 52.43±2.63 
Data expressed as//mo(ei-Pi g insect are mean + SEM for 3 observations. 
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Table ^^ 6 
Incorporation of C -glycine by microsomes of male (F60) 
SI. 
No 
1. 
2. 
3. 
.^ 
5. 
6. 
7. 
Additions 
M 
M + A 
M + G 
M ± N 
M + G6 + GDh 
M+G6+GDh^ 
M+G6+GDh4 
-A 
-N 
a 
560 
660 
7lit 
615 
591 
717 
746 
SS 
b 
755 
766 
1238 
899 
755 
716 
9^ !^ 
c 
1424 
1002 
1916 
741 
759 
1800 
714 
a 
465 
687 
641 
453 
1070 
785 
812 
ERS 
b 
473 
358 
520 
519 
453 
468 
978 
c 
790 
466 
412 
638 
489 
1030 
550 
a 
784 
592 
481 
369 
738 
742 
432 
b 
709 
992 
509 
956 
608 
582 
421 
MRS 
c 
1075 
699 
481 
643 
641 
661 
768 
Values are cpm mg protein detected in the ppt. 170,000 counts were added to the 
medium. 
M - 0.5 to 0.6 mg microsomal protein; A - ATP (1 m M); G - GSH (0.1 niM); N -NAHPH 
(0.1 mM), G6 - Glucose-6-phosphate (5 mM); GDh - G6P dehydrogenase. 
a - Control value; b - in presence of endosulfan (50 pM); c - in presence of malathion 
(50 >JM). 
CHAPTER IX 
INFLUENCE OF RESISTANCE TO ENDOSULFAN AND iVALATHION ON HhPRO-
DUCTiVE POTENTIAL 
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Biological factors such as offspring per generation 
and generation turn over etc. are known to influence the deve-
lopment of resistance (Georghiou and Taylor, 1976). Few reports 
are, however, available on the impact of resistance on reproduc-
tive potential (Abedi and Brown, 1960; Keiding, 196J; 1967; 
jVicEnroe and Naegele, 1968; Bhatia and Pradhan, 1968; Ferrari, 
1979; Ferari and Georghiou, 1981). Ferari and Georghiou (1981) 
arrived at a conclusion that the impact of resistance on 
biology is so much that it is difficult to suggest any genera-
lised pattern. Recent introduction of computer models of 
resistance has generated a new interest in the area of repro-
ductive potential of resistant species. Since the data with 
malathion and endosulfan were not available, it was considered 
imperative to investigate the reproductive potential of 
resistant strains with the use of these insecticides. 
MATERIALS AND METHODS 
SS, ERS and MRS at generation ?.Q were used in this 
experimentation. Five pairs of newly emerged adults of each 
strain were kept in a two liter beaker covered with muslin 
cloth. Each strain was replicated thrice and kept in a S.O.D. 
at temperature 25 + 1 C, relative humidity 60-65/0 and 
illumination 14 hours a day. Maintenance of flics was done 
as described in Chapter I. 
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Observat ions on var ious parameters were recorded as 
desc r ibed below: 
Total eggs; On day 3 egg- lay ing media were provided t o c o l l e c t 
eggs. Numbers of eggs were counted on t h e following day. This 
was cont inued t i l l t h e s u r v i v a l of females in t h e group. Number 
of eggs was averaged for a s i n g l e female. 
Egg h a t c h i n g ; Number of l a r v a e was counted on day 3 a f t e r eggs 
were c o l l e c t e d . This number was s u b s t r a t e d from t h e number of 
eggs for c a l c u l a t i o n of egg ha tch ing and r ep re sen t ed as percent 
egg v i a b i l i t y per female. 
Larval v i a b i l i t y ; Number of 8-day old l a r v a e was recorded and 
s u b s t r a c t e d from t h e number of 3-day l a r v a e . This f i g u r e was 
r ep resen ted as percent l a r v a l v i a b i l i t y . 
Larval and Pupal p e r i o d s ; Eggs l a i d w i t h i n an hour on days 
8 to 9 were c o l l e c t e d for t h e s e o b s e r v a t i o n s . I nd iv idua l 
per iods for complet ion of l a r v a l and pupal s t ages were averaged 
for c a l c u l a t i o n of l a r v a l and pupal p e r i o d s . 
Pupat ion ^ ; Number of pupae was recorded on day 10 and t h i s 
was s u b s t r a t e d from t h e number of 8-day old l a r v a e fo r c a l c u l a -
t i o n of percent pupat ion . 
Pupal v i a b i l i t y and sex r a t i o : To ta l of a d u l t s (fnaie i<^ female) 
emerged from t h e pupae was r ecorded . Number of adu l t s was 
136 
substracted from the number of pupae and this figure was used 
for calculation of percent pupal viability. Total females and 
males were pooled for calculation of sex ratio in the popula-
tion. 
Longevity of female and male; Survival time of both the sexes 
used in the experiment was recorded. Survival times for male 
and female were averaged for calculation of longevity of male 
and female. 
HbSULTS 
Data on fecundity, fertility and developmental biology 
of SS, ERS and MRS have been summarised in Table 47. Total 
number of eggs laid per female (fecundity) was 240, 215 and 
275 in SS, ERS and MRS respectively. Viability of e;jgs i.e. 
fertility was enhanced in both the resistant strains. The 
percentage egg hatching in SS, ERS and MUS was 75.3, 92.0 
and 90.0 respectively. Larvae of resistant strains also 
registered enhanced viability by 10-12^ as compared with SS. 
Period of larval development was shortened by a day in both 
the resistant strains as compared with SS. However, the pupal 
period remained more or less same in susceptible as well us in 
resistant strains. JHupal viability, on the other hand, was 
relatively more in ERS and MRS as compared with SS (Table 43). 
SS population had more males (55.5/o) than females (45.5/j). 
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Interestingly, resistant populations registered more females 
which were 5S).5;>b and 58.5% in ERS and MRS respectively. 
Longevity of adults in resistant strains was also increased. 
Life span of female was prolonged by five days in tR'6 and seven 
days in iViRS as compared with SS. However, male registered 
increased longevity to a similar extent in both the resistant 
strains as compared with SS 
DISCUSSION 
Studies on the influence of resistance on reproductive 
potential has received attention in the recent ye^rs oecause 
of its utility in computer modelling to predict resistance in 
the field (Taylor and Georghiou, 1979; Plapp ft aj^ ; 1979). 
Against this background, data were generated in view of the 
meagre information on this aspect of resistance. Results 
show that fecundity was decreased in ERS as reported in 
resistance to other insecticides (Shaw and Lloyd, 1969; jrower, 
1974; Ferrari, 1979). Interestingly, WHS registered increased 
fecundity. Viability of developmental stages of both the 
a 
resistant strains was increased which could be/general impact 
of resistance. Since shorter period of development v.cs 
reported to accelerate the evolution of resistance (Georghiou, 
1930), shortened period of development under the influence of 
resistance would have stimulatory effect on the process of 
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resistance. As has been assessed by Ferrari and Georcjhiou 
(1981), the present evidence also suggest* that rdore informations 
would be required in order to arrive to a conclusion as regards 
the impact of different class of pesticides. However, 
increased viability of developmental stages dnd prolonged life 
span of adults indicated the fitness of survival conferred by 
resistance. This could be judged in the light of enhanced 
defence system and increased energy reserves recorded 
(Chapters II, IV, VIII). Since vector's nuisance activities 
are mainly confined to adult stage, reduced developmental 
period compounded with prolonged longevity of adults indicated 
their increased potential to cause harms to human health. It 
is also noteworthy that resistant populations has increased 
ratio of females. This might be one of the factors of fitness 
conferred by resistance. However, the exact reason for this 
remains a subject of future investigation. 
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Table - *7 
Influence of resistance on fecundity and fertility 
Parameters SS ERS MRS 
Total eggs/female 2'»0.5+35.3 215.5±27.0 275.0131.5 
Egg viability (%) 75.3+8.5 92.0+10.0 90.0i l0.0 
Larval viability (%) 80.5±10.5 90.5±7.0 92.0*5.5 
Larval period (days) 9.5+0.5 8.5±0.5 8.5i0.5 
Pupation (%) 91.5±5.5 93.3±5.5 92.3.6.0 
Pupal period (days) 3.5+0.5 3.2±0.2 3.2+0.3 
Data are means + SEM for three observations. 
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Table - *8 
Influence of resistance on sex ratio and longevity 
Parameters SS ERS MRS 
Pupal viability (%) 82.3+10.3 90.0±8.3 9 1 . 3 i l l . 3 
Sex (%) 
Male 55.5±5.5 **.5±5.0 *1.5±10.3 
Female *'^.5±6.5 55.5±4.5 58.5i/*.5 
Longevity (days) 
Male 16.5±i.5 18.3±2.5 18.5±2.0 
Female 20.^±l^^ 25.3±2.5 27.0.2.5 
Data are means + SEM for three observations. 
CHAPTER X 
SUGGESTED COMBAT MEASURES AGAINST RESISTANCE TO ENDOSULFAN 
AND iVALATHION 
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The d e v e l o p m e n t a l c o u r s e of r e s i s t a n c e t o e n d o s u l f a n 
and m a l a t h i o n h a v e been d e s c r i b e d i n C h a p t e r I . S u b s e q u e n t 
c h a p t e r s c o n t a i n e d m u l t i - a n g u l a r o b s e r v a t i o n s on n.echanisms of 
r e s i s t a n c e t o t h e s e i n s e c t i c i d e s . A g a i n s t t h i s backqround i t 
was t h o u g h t a p p r o p r i a t e t o t h row l i g h t on t h e combat measures 
e x p l o i t e d 
t o b e / i n t h e f i e l d c o n d i t i o n s . S i n c e p e s t i c i d e s o e i o n ^ i n g t o 
g e n e r a l g roups such as o r g a n o c h l o r i n e , o r g a n o p h o s p h a t e , 
c a r b a m a t e and p y r e t h r o i d d o m i n a t e i n t h e p e s t v e c t c r c o n t r o i 
programmes, a few from each g roup were s t u d i e d f o r t h e i r 
t o x i c o l o g i c a l p o t e n t i a l a g a i n s t r e s i s t a n t s t r a i n s . I t was 
a l s o aimed t h a t t h e s e p e s t i c i d e s i n p a r t i c u l a r and t h e i r 
c l a s s e s i n g e n e r a l would i n d i c a t e t h e i r e x p i o i t d t i o n in t h e 
management of p e s t s and v e c t o r s r e s i s t a n t t o e n d o s u l f d n and 
m a l a t h i o n . I t i s i n d i c a t i v e t h a t t h e p e s t i c i d e s showinc! LD^,, 
v a l u e s i n r e s i s t a n t and s u s c e p t i b l e f l i e s c l o s e r t o ecch 
o t h e r would p o s s i b l y t o e x t r a p o l a t e d as combat measu re s i n 
t h e management of r e s i s t a n t p o p u l a t i o n i n t h e f i e l d . 
iVATErtlALS AND i.'iETHQDS 
Adul t f ema les ( 3 - 4 day o l d ) be tv \e tn PV^-F^r of a l l t h e 
DO D J 
strains were utilised for evaluation of biooctivities of 
insecticides. The insecticides of reference star.ci..rd: DDT, 
BHC, endosulfan, maicthion, parathion, diaziriun, t,L!.i.on, 
f enitrothion, carbaryl, permethrin, resnitthiin, uix--i,.hrin end 
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decamethrin evaluated in t h e present study were obta ined as 
g i f t from t h e Environmental p r o t e c t i o n Agency, U.S.A. 
P e s t i c i d e doses producing m o r t a l i t y from 15 t o 90?© were 
considered for c a l c u l a t i o n of LD^Q values by p rob i t dna iys i s 
method. P e s t i c i d e in 1 p i acetone was t o p i c a l l y appl ied on 
thorax of i n d i v i d u a l f ly with t h e a id of a m i c r o a p p l i c a t o r 
(Burkard Manufacturing C o . , U.K..). Three r e p l i c a t e s each of 
10 females were taken for each dose and m o r t a l i t y counted 24 
hours a f t e r t r e a t m e n t . Trea ted f l i e s were kept in a 3 . 0 . 0 . s e t 
a t t empera ture 2 7 + 1 C and r e l a t i v e humidity 60-65?^. LDpjj 
va lues of p e s t i c i d e s in r e s i s t a n t s t r a i n s were d iv ided by 
r e s p e c t i v e va lues of s u s c e p t i b l e s t r a i n t o determine t h e 
r e s i s t a n c e r a t i o (RR). 
RESULTS 
Resistance ratio of ERS and WHS during F^ -,-F.^  have been 
-" OJ 0 0 
dep ic ted in F ig . i and F ig . 2 r e s p e c t i v e l y (Chapter I ) . 
Tox ic i ty data of p e s t i c i d e have oeen summarised in rab ie 49 . 
LD^Q values of p , p'-DDT in SS, cRS and MRS were 0 .157 , 
1.405 and 0.295 pg r e s p e c t i v e l y which i n d i c - t e d r e s i s t a n c e 
r a t i o of 8.95 (LRS) and 1.88 (/vitlS). X-BHC had r e s i s t a n c e 
r a t i o of 6.60 and i . 7 2 in HRS and iViliS r e s p e c t i v e l y . Lndosulfan 
exh ib i t i ng r e s i s t a n c e r a t i o of 17.25 in EHS had r e s i s t a n c e 
r a t i o 2.62 in /viRS. Malathion having i\R in i;lHS of 23.09 had 
Table ^^ 9 
LD^„ values of some pesticides against resistant strains 
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Pesticide 
p,p'-DDT 
y-BHC 
Endosulfan 
Maiathion 
Parathion 
Diazinon 
Ethion 
Fenitrothion 
Carbaryl 
Permethrin 
Resmethrin 
Allethrin 
Cis decamethrin 
SS 
0.157 
0.102 
0.206 
0.115 
0.041 
0.147 
0.689 
0.052 
2.581 
0.011 
0.013 
1.094 
0.582 
F.RS 
L^50 
1.405 
0.673 
3.554 
0.142 
0.056 
0.128 
0.764 
0.094 
3.071 
0.0196 
0.039 
2.549 
1.845 
R/S 
8.95 
6.60 
17.25 
1.24 
1.37 
0.87 
1.11 
1.80 
1.19 
1.78 
3.00 
2.33 
3.17 
MRS 
-^^ ^50 
0.295 
0.175 
0.539 
2.655 
0.135 
0.744 
2.721 
0.260 
16.079 
0.013 
0.0256 
1.619 
1.076 
R/S 
1.88 
1.72 
2.62 
23.09 
3.28 
5.06 
3.95 
5.00 
6.23 
1.22 
1.97 
1.48 
1.85 
LD^^ expressed as ^ig/female (topical) 
R/S is LD^„ of resistant strain/LD^„ of susceptible strain. 
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i . 2 4 RR in ERS. RR values for parathion were i . 3 7 and 3.28 in 
ERS and ms r e s p e c t i v e l y . I n t e r e s t i n g l y , LD^Q value of 
diazinon in ERS had been lower than that of 3S while .-.iRS 
expressed 5.06 RR. •LDUQ values of ethion in SS, ERS and i.LRS 
were 0 .689, 0.764 and 2.721 in SS, ERS and MRS while the HR 
values were i . i i and 3.95 in ERS and !ARS r e s p e c t i v e l y . RR 
values for f en i t ro th ion were 1.30 and 5 .0 in ERS and ..as 
r e s p e c t i v e l y . Carbaryl showed RR values in ERS and i^ JlS of 
1.19 and 6.23 r e s p e c t i v e l y . I t i s evident t h a t perrnethrin had 
RR values 1.78 and 1.22 in ERS and fv'iRS r e s p e c t i v e l y . Restnethrin 
indicated 3 . 0 and 1.97 as Rli values in ERS and IvRS r e s p e c t i v e l y . 
RR values of a l l e t h r i n were 2 .33 and 1.48 in ERS and i\';RS 
r e s p e c t i v e l y . Cis-decamethrin expressed i t s RR va lues of 
3.17 and 1.85 in ERS and /VIRS r e s p e c t i v e l y . 
DISCUSSION 
p,p'-DDT and X-BHC had r e l a t i v e l y high RR values in ERS 
as compared with that of ivlRS. Data suggest that organochlorines 
would be the ' cho ice as a l t ernate i n s e c t i c i d e s to manage the 
pest and vector populations r e s i s t a n t to malathion. On the 
contrary, organochlorine p e s t i c i d e s would not be advisable to 
use as a l ternate p e s t i c i d e s in the control of endosulfan 
res i s tant i n s e c t s . The d i s t i n c t d i f ference observed in the 
mechanisms of r e s i s tance to endosulfan and mala th ion was iiiainiy 
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in respect of their target enzymes. The data tend to explain 
this differential response on the basis of target enzymes i.e. 
organochlorine having common mode of action (inhibition of 
ATPases) exhibited higher resistance ratio xn ERS as compared 
with that of MRS. On the other hand, BHC and p,p-DDT had LD^Q 
values in /vlRS close to SS. Since it was observed that ATPases 
were equally sensitive to endosulfan in both the SS and ivlRS, 
probably the sensitivity of ATPases to these organochlorines 
responded in a similar way. However, increased LD^Q values 
of chlorinated pesticides in ivlRS might be due to enhanced 
enzymatic profiles of drug metabolising systems or other factors 
described in previous chapters. Organophosphorus insecticides 
namely malathion, parathion, diazinon and ethion were found 
equally potent against ERS as compared with S3 while the 
reverse was true with MRS. These evidences suggest the use 
of organophosphates as alternate pesticides in the eradication 
programmes against endosulfan resistant insects. This could 
be possibly explained on the basis of increased sensitivity of 
acetylcholinesterase in cRS (Chapter III). Am.ong the organo-
phosphates, diazinon appeared to be the best choice to combat 
ERS. However, it had high RR value in i\lRS which might be due 
to reduced sensitivity of AChE in MRS and enhanced profiles 
of detoxification systems. Increased LD^^Q values of organo-
phosphates in ERS could be due to the latter and other factors 
conferred by resistance. Caroaryl (carbamate) also indicates 
a similar picture as shown by most of the organophosphates. 
146 
I t is suggested tha t the carbamate pes t ic ides might also serve 
as a l t e rna t e choice in the control of pest and vector r e s i s t a n t 
to endosulfan. The increased HR value of caroaryl in ;4RS might 
be possibly due t o the biochemical mechanisms operating in iVHS. 
Pyrethroids are another c lass of insec t i c ides which has received 
a t t en t ion in recent years due to i t s extremely high i n sec t i c ida i 
po ten t ia l and low environmental pers is tance e t c . Permethrin, 
resmethrin, a l l e t h r i n and cis-decamethrin had lower LD^,, values 
in iViRS as compared with tha t of ERS. The data are in te res t ing 
to extrapolate tha t pyrethroids could be a be t t e r choice in 
control of MRS than ERS. Since the oiochemical mechanisms of 
tox ic i ty and res i s tance of pyrethroids were not conclusively 
c l ea r , i t was d i f f i c u l t to throw any l igh t on the d i f f e ren t i a l 
response expressed by ERS and /\ARS. There i s , however, some 
indicat ion that endosulfan and pyrethroids has something in 
common as far as t h e i r mode of tox ic i ty is concerned. 
The above toxicological data are noteworthy to suggest 
some combat measures against r es i s tance to endosulfan and 
malathion. I t i s of pa r t i cu l a r importance with respect to 
endosulfan as the present study is the f i r s t attempt of i t s 
kind. 
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